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S U M M A R Y

(1) A detailed computer analysis was made of the clothing worn

by the members of the Trans-Antarctic Expedition, and the

relevant climatic data. The analysis covers a period of

just over fourteen months and includes the 2,158 mile journey

across Antarctica. The cold stress was severe.

(2) No evidence of whole body acclimatization to cold in man

could be found.

(3) The clothing worn was clearly shown to be more closely

correlated with temperature than with windchill.

(4) The measured clo values of twentyeight different assemblies

of Antarctic clothing were compared. A simple direct

relationship between a weighted 'number of layers' count and

the clo value of an assembly was shown to exist. This

relationship is of immediate use in comparing the relative

thermal insulation of two cold weather clothing assemblies.

(5) Other data, including weight fat thickness and sleep records,

are discussed.

(6) The data presentedare consistent with the suggestion that

man creates and controls his own micro climate.
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II I !TT TU ODUC. TI 0C

Sir Ernest' Shackleton set out in 1914 with the

intention of crossing the Antarctic Continent from the `7eddell

Sea to the Ross Sea , but his ship, the Endurance, was crushed

in the ice and the crossing was abandoned. The idea was

revived in 1949 by Sir Vivian Fuchs,and the Commonwealth

Trans-Antarctic Expedition became a rea4ity. (!Map - Plate

II.i) An Advance Party set up a base named after Sir -Ernest

Shackleton on the floating Filchner Ice Shelf at Vahsel

Bay at the southern extremity of the 71eddell Sea and endured

an extremely harsh winter living in a large packing case and

tents. Next summer the Ma in Party arrived.

During the period covered by this report, the Trans-

Antarctic Ex edition had sixteen men in the field, forming

the 'Main Partyt . Four of these men had also spent the

previous winter at Shackleton Base as members of the 'Advance

Party' and stayed on, being joined by twelve men brought in

by the ship IHagga Dan on January 13th 1957. (This ship

took home rcturnin., members of the Advwnce Party.)

The Main Party finished the base hut end set up an

inland base called 'South Ice' by air, approximately 300

miles inland from Shackleton at an altitude of 1350 metres,

on 4th February 1957. Three men spent the 1957 winter at

South Ice, one of them having been a member of the Advance

Party. Of the thirteen men winteringj at Shackleton, three

had also spent the previous wint-r there as members of the

Ldvence Party. Four of the men at Shackleton that winter

were members of the R.:oF.

At the end of the winter, a recennaissance party

explored the ground route from Shackleton to South Ice,

while other parties mapped various mountain ranges and made

geological surveys. This Main Party of twelve men then

made the first ground crossing of the continent in the

summer of 1957-58, using Sno-Cats and 7easels, while the

four R...F. men made the first single engine fright across

the Antarctic Continent.
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The Crossing Pfarty left Thackleton Base on November 24th

1957, arrived at South Ice on December 23rd, left on December

25th and arrived Et the South Pole on January 19th 1958.

They left the American Scott-lmundsen South Pole Base on

January 24th End completed their journey at Scott Base on

iwarch 2nd, 1958 ,nd sailed for INTew Zealand three hectic days

later. The full 1eory of the expedition is given by Fuchs

and Hillary. (1958)

The expedition End the crossing in particular was timed

to coincide with the International GeophysicEl Year.(l.G.Y.)

This was the third I.G.Y. The first International Polar

Year concentrated on Arctic work iia 1882 to 1883, Ind the

second Internationa:l Year in 1932 to 1933 on radio communic-

ation. The third IG.Y. from July 1957 to December 1958,

a time of peak sunspot ctivity, involved 5,000 scientists

in 40 countries in a vast collection of earth science data,

and concentrated on the PolE:r Regions, the Equatorial Belt,

and stations Elong chosen lines of longitude between North

and South Polar Regions. There were 46 I.G.Y. stations in

Antarctica involving a? dozen na tions and hundreds of scientists.

(I) DLTA COLL:YCThD DUPIIYT. rT-p TRP1TS-L-TT'PCTIC EXP-DITION

A 'sleep card' was issued to each man each week,

(Fig,-ure V (1)) and this g'save records of all the clothing worn

each day, the outdoor w, ork, and had spaces for weight and

fat thickness measurements and other data sush as wceather,

dental tre toient, photo,-reah, illness or injury or other items

of special interest toegether w,:ith a day by day sleep and

work diary. The back of the card was blank and many members

wrote lona End useful comments end explanations of their

activity, clothings or c-mping conditions on the backs of the

cards. Despite the ardous conditions and extremely long

hours, the cards were filled in regularly and faithfully by

all the men. Only at the end of the crossing is one set of

cards really short of data. An immense'thank you'is due to

all the members for filling in these cards, often wearing

several layers of gloves in very trying' conditions.
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Everyone hclped with the meteorologicEl records, but

they were the entire responsibility of one man, Hannes La

Grange, and his patient vwork was of a very high order.

Detailed weather recordings were made at synoptic times

(uostly three hourly) at both bases cnd by all parties in

the field.

In addition, medical and dental records were kept and

physiological investigations included measurements of energy

expenditure under various conditions including travel.

At base an energy balance was carried out on one man for one

week. These results will be published elsewhere.

The date. analysed here is in short the clothing worn

by a dozen men for fifteen months and the weather every

three hours or so for the same time, during the occupation

of bases in Lntarctica and a journey across the continent

lasting ninety nine days.

Samples of new and used clothing were brought back to

the U.K. and have been subjected to detailed examination,

and the clo values for twenty four as .emblies were measured

in the UoS.." and for four assemblies in the U.K.

(2) E.O.A.R. GRANT

Strenous efforts were made to collate End assess the immense

mass of figures resulting from the physiological programme

Three statisticians in turn, after expressing intense

interest, retreated from the project after a year or so in

each case, as it proved impossible to handle the material

as a spare time project. It was not, in fact, until 1968

that the possibility of a grant for a full time mathematician/

stetistician arose..
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Following a lecture on the expedition, given by

Dr.A.F.Rogers in WashingCon in 1968, during the

International Physiological Congress, a discussion of the

limited analysis made up till then of the r.mass of data

available resulted in a suggestion that an application for

•urds should be Da:!e to the Office oP Aerospace R1esearch,

United States Air Force, and this was successful.

Mrs.PR.J.Sutherland, an Honours Mathematics Graduate,

was appointerd on November 3rd, 1969, and was responsible for

the computer program and the statistical analyses. Mrs.

E.Fountaine gave secretarial help from October 20th,1969,

until Miss V.Thornton toolk over on March 19th, 1970.

Miss Thornton also undertook the formidable task of coding

the data. The entire mass of computer card! data is stored

in archives. The group broke up on April 8th, 1971.

The delay in starting the analysis was a blessing in

disguise since until comparatively recently there was no

computer available in the region that was large enough to

handle the mass of data which amounted to approximately a

million 'bits'.
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I P R E V I O U S W O R K

It is generally agreed that man evolved as a relatively

hairless animal (i.e. one without fur or wool protection)

in a tropical or sub-tropical environment, and bony remains

indistinguishable from modern Homo Sapiens can be found from

the mid Pleistocene onwards. It is extremely likely that the

necessity to follow the animals that he fed on, led man to 6rter

colder regions. This in turn led to the use of clothing for

protection and there is good evidence that man wore tailored

skin clothing 20,000 years ago. (VIoodbury 1968)

When modern man, accustomed to living in a temperate zone,

returns to a tropical climate, then, quito apart from shedding

some of his clothing, he readily adapts to the hot environment,

and this adaptation is easily demonstrated, well marked, and

undisputed. On the other hand, attempts to demonstrate adapt-

ation to cold have been generally unsuccessful. Certainly there

are local changes, especially in the hands, and also in the face

and feet, but no 'general adaptation of the whole body' has

been shown, ,nd there are no profound and well marked physiol-

ogical changes such as those accompanying increased ability to

deal with heat stress.

The best demonstrated local changes are in the hands.

Mackworth (1953) at Fort Churchill, showed by means of a two

point discrimination test that indoor and outdoor y:orkers

differed in their ability to distinguish a gap after a standard-

ised exposure of the ha.nds to a cold air stream. Subjects

exposing their hands to cold air for two hours a day and tested

by the standardised cold air stream and two point discrimination

test, at first showed loss of discrimination after cold air

chilling, but after two we~ks their ability began to improve.

This type of test was used in the Antarctic by 11assey (1959) who

chowed newcomers took seven weeks for their fingers to show a

resistance to chilling comparable with that of men resident in

Antarctica for the previous year.
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Local acclimatization of the hands• to cold in fish handlers

is wall marked and has bee;n studied in detail by Le 31anc,

Hildes ,nd KHroux (1960) 7nd by HelIms E.nd Soper (1962) vho showed

it to be due to cold vasodilation.

Evidcnce of acclirr.atization of the whole body to cold is

scanty, althou;jh there are remarkable examples such as the

Australian aboriginzs -who slee.p almost neked in the open under

conditions whore the air temperature often flj. , below frc.zing

point. (Goldby, Hicks, O'Connor & Sinclair 1938., Scholander,

Hamu:el, Eart, Lc liessurier & Steon 1958) The Yahgan, now almost

extinct, li~zing in Tierra del Fuego at *n annual rican tcmperature

of 6°C, ware described by Darvin (1832) as woering practically

no clothes.

The Eskimog inhabiting the cold -.rctic rogions, might be

expectad to show,, acclimatization to cold. In fact, he appears

to create. his 'own microclimate around his body by the clover

use of very well designed clothing, -nd to survive in an eýxtrcmly

harsh environmacnt by the skill . use of spociolised tochniques,

derived empirically- over . very long period of time.

Various studies hayv b:ean undertaken of the members of

polar e:xpeditions, to look for ovid,, nc of acclimatization to

cold. If distinct physiological ch. nges could be shown to occur

as a result of moving from t mper .tt, to . cold environment,

and to regress on return to thel former climaAte- then a. firm case

for accclimetization to cold could be macde. This would also

apply if changes could be sho-w-'n in rcsponse to a ueove from a

cold climate to ewven harsher conditions. (for oxample wvhen a~n

expedition loaves a base camp and tlhn returns) It is to be

expected that members of polar expeditions a subjected to

considerable selection, including self selection , and it is

doubtful that those who dislike or suffer cold conditions poorly

would even apply for inclusion. It is likoly, therefore, thaýt

members of pol-r expeditions arc already aware that they can

tolerate or evean like the-. conditions5 •nd it is of course common

for major expeditions to have a considc;rablc proportion of very

well experienced memberýs9 thorou-hly fa.miliar v:ith the conditions
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eýnd choosino' to extend their expe~riencos. It might see-m9

thcfreforc, tha-,t a;dapt-tion to cold miLght be found in ouch a

population, if Lan-ywheýýre a:t .- lI!.

On the; other ha~nd9 a.cp1_crson (10958) has r- - cornvincingly

tha-t imaý:n, Las an anir.al dov, id of clotheos 9 fire Fnd shelter, is

boet suitod to the warna: le ivr as-nt .--f a tropical forest,

and Tiartin (130 ueuorts this viewv. HýJan t s reark-r.rable ca-pacity

for hee t loss by outs neousý va.sodilaUion a rid sw.,eating, fit him-

for~~I aciiyi hIieevrnet His critical, temper-ture is

25 C to 27 0 C, and ho norineilly reluire; L, highi nocturnal te:mp-

erEatureý for ~lpHe is well equipped for hoat loss -nd not

for hoat conseiv -tion, .-nd has ve"ry scaýnty body hair. Hoe can

adonpt 'llto hi ~h environmontG 1 tempera,-tures but his mi-nimaq--l

environmen-tal stre.s, is in tropical1 conditions. Tlenpeýra-to

conditions --~r,;n the lovner boundary- of adapte tion to lower

temperritures, ~nd I,-acph,-2-on argues thut it is fruitlesso to

atteeipt to domonstre to- profreund physiologicaýl che-,nges in

temerteam n on exposure, to seve.-re cold, as he huCs rlready'

ada-pted sL fu-r as he is ableý. Only by crea~ting, his cn mico

climatrr vethinl his clothing can nn survive poler conditions.

By woc'rin, a knitted -wire -vest !nd pa--nts- e.nd using thom ac a.

resists nco the rmoai-Eter,k'U?.olff 1958) th-ý micro-climate has been

me-asured by Norma~n (1562) a~nd fo,-,nd to avjrage17c 320C to 33o~D.

indoors a.ndl out, thnroughout the. ,'.nt1-rctic- year. Sim--ilar results

were obt. mecd 'by CUTAning,( 1961) ~nd the- results of Ha:mpton

(unpublished) are quotedC by 7Hdhola -nd Lo-iis (1964) in a. roost

useful c3urve-sr,-

"Adlam., (19,58) using the -w-ire veýt Ticthod, measured sub -

clothing tem--pe~ratures in rebrsof th- Tr ris-A'ntarotic

ExoPodition and otha 're who had beet-n in ... t rotica for fifte.en

m o nths9 2 r1id could find no si~,nificE~nt di-ifi ,r-neno betwvoon theým

and theý new, arrivals,

The A`dvance Par-ty- of the-, Tr,,ns-*A`ntc-rctio Ezpedition wvore

based a~t cdhaokleton, whe~re the .vextho-a was very cold, dry end

wvindy. Thely w-ore subjected to unusu~>lly hareh conditions

(Goldsmith 19,59) ýand vveakly clothling; records wore used to show
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aoclirsatiza-tion to cold. (Goldsmrith 1'60) "Is pointe~d out

by Edholm s ud Le;wis (16)the rec-ords sho-, tha~t the extrerm-

it-' _-y adept, but there i3 no absolute- support for general1

adaptAtica,1 even under the-e severe conditions0ý

UsingZ F simila:r count Djf the numýb-r of ga rmoats wvith

a comfort index a-d syind chill ca~lculations9 eic (1962)

found changes, in clothing;, indicating adaýptatica-., but no

changes in thec protection of the -toiis Howevar 9 the

conditions of P i js'rr' iiottmr:t 9 or at enay

rate sub-A~nta.rctic, r: thor th:'. r ,ntv ~'oticý the temper;Ature

range; wasý, +25 0F to +50 0F, and tho wcatha.Gr wa'cs cold 9 we;t -,nd

windy, Lug,-p (1"65) also need c ubjeotiva- toonfort index'

togrý-tathr with lnur-iber of layers' count e.nd a -wind chill

index- at Davis _E.o & s his avcrý ed. resultsý for nine subjects

showed only aý cliýIat decrase- in clot'hýing aora a-ftor m--id w,-inter

7;ith' -n i~ncreas.3 i-n te, subjectiveý comifort voto, he was only

justified., aso `ha sys, in ýfuj_2_inp that, accclimratizýation h'-1'

occurre~d.

Goner-. 1 mc,,tl.bclic studios av been- ma-de by maý-ny wvorkers,

looking for evidecec of a~cclima1-tiza.tion to cold, sad' both

Edhola --ad Lewis (1964 nd II mm-r-cl (1964) ha-ve survoyvýd -the

worký frol!; s1igh'tly dif 1 I rent points of view0  Basý-al met",bolic

r'ates P)aegsa r ,11, &-reed to be oe by a. few: per

cent in persýonsý liviira i-im liae Cold, clima-te studios

ha~ve not yTiea C my,!- c-laor r cut conc-lus ions a~bout theý effect

of a., cold olii- te, of the, R. . lth-ou'hI- 1wre it must be

x -en ard tat hee~eus1 nsurLumcnt of theý Dk III�R. is m.,ade

in the a-bsence o-- cold strc-s',3

Ke~r~t~of o,:y-gcn c-s nurintion and ýkin and recta'l

trtenper:turc_ during sold stressý. of vying dur tion anid degree

have~~~~~ ie , dD -arwokr, 1 19 64) 7 nd L: n gnral

survey'- b- r .e ý thodl of 1-11 (t heic ,grouns seem so 'faasCirsblo,

a.nd indeed E. slrt been made, H,-raee-l (l96,1) reviewIs

the s-tudio,- on 0-err 1 net- belie iaizto including his

onon th e Ill: c ,luf Ind~ians3 of Tir rr, del Fuago. A, Useful

111.4



review is given by Budd (1964) of the wfhole problem in

relation to his on metabolic studies in Antarctica which

shovwcd an increased ability in four Caucasians to maintain

rectel tempera ture during cold stress. This was attributed

to general acclimatization to cold.

Edholm (1060) argued that no absolutely cleasr cut evidence

of acclimatization of r.ian to cold existed, but Scholander

(1960) pointed out tha7t the ability to rest cnd sleep was

essential to survival, .nd this could certainly be acquired

in a cold environment. 1. number of descriptions of this

ability in primitive comniunities have 1lrcady been quoted,

and several deteiled studies have now been made in Caucasians.

Andersen (1964) reviewed the liter,m ture e-.nd reported controlled

experiments on young Sortegians very similar to those of

Scholander (1958) exoept for loescr skin temperrture in the

feet. Scholander's (1958) subjects also had insufficient

bedding while camping in the Nerwcgi an mounta-.ins, yet developed

the ability to sleep writh E. wFarm surfcce end a heat production

3aised 50% above the norm:- L by frequent shivering. Control

subjects slept poorly, shivered, l"id not mobilize as much heat

and had colder feet nd body surf2ce. Cold stress has varied

in most experiments end this may atcount for some of the

discrepancies aneL conflicting results quite apart from the

difficulty of agreeing on definitions.

The B.iI.I.R of animals is closely related to size r~ther

than any other conditions or character ra nC mouse, man -nd

elephant all lie on the sene curve. Some species deviate a

little end 7ll c'.rngc slowly with age.

The numerous measurements of Boh•o.R. in mnrn in a varioty

of cold conditions show, no great changes from normal, End it

is reasonable to conclude that the BoldeR. avcs fixed with regard

to size in the long course of evolution of warm blooded mrar: als.

(Irving 1960) In cold conditions animals react in different

ways. M'oot of the large Arctic cnimals are so well insulated

that they c-n remain still on snow or ice without metabolic

III.5



CoOpens-.tions. On the other hnnd. smell birds in the cold

treble thoir hoet prod-uction for long periods by shiveringr-,

even during sleep. During food s•hing their muscle energy

expenditure is enough to keep thoL warm. Vihile shivering is

the erost importrnt method of hoot production in normal animals

in the cold, non-shivering thermogcnesis is well proven in

the rz, t. (Cottle & C:rlson 1956- Carlson 1960)

In gcnerci, it appenrs therefore thet iean, a tropioca

animal by origin, alreedy showvr sone adaptction to cold stress

in his life in a temperatc climate, end cen develop a little

more d-dptction whon subjected to more severe cold stress -

but only a little more. There is no profound overall body

change end reedily observwd. adptetion ,u observed in c hot

climate. Only by the skilful use of clothing can man survive

in a polar climate.

The members of the main party of the Trrans-Anta-rctic

Expedition lived et Sh, cklcton Basso in ILntcrctica for a

winter, then drove eacrojo the continent in Sno-Tats and ,eore

exposed to considerable cold stress. Since detAiled meteor-

ological and clothing records Vrere kept, the dcte wa•. suitable

fOr a close search for evidence of acclimatization of man to

cold. The anal-Tic of this date is presented in this public-

"ation.

III. 6
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IV TH F T 1A ITS q- TNTTA1'RC TI C -L PE D ITI10IT

An outlineý of thr- story has boen given already in the

introduction, and fLull deta.ils arc g-iven by F ~ohs and.

Hillary. (1958) Further technical detacils arc, given in the.

Trans-Ihntarctic Expedition Scientific Reports, those of

particular relevo-nce beinýa iNlo. 13 -Hetoorology by 7-.J. La

Gra-nge and N~o. 15 Survey by K. VT. Blaiikiosh, D. G. Stratton

and J. H. "Puller 1966. A. brie~f resume, of details pertinent

to this analysis of clothin-, and climEatic conditions is

given in this section.

Mi POSITION OF SHAC-KLET1"OIT "ND SOUTHT ICE BASES

Shackleton Base

This was estaýblis1 ied at Vahsul Bay at theý foot of the

5Jeddell Sea at 77505 Soath End 39 0 Ts ntefotn

Filobmer Icc Shelf Fbout- a mi~le inlaýnd from the ice front.

The base rose Fand fell with the; tide but a mean height of

58m (l9Oft.) was accepted for -efere-nce. The -_*-,c shelf was

400m (lsooft-) in thickness End the depth of thG sea 900m

(500 fa thorns) Shackýleton was occup)ie-d from 30th Janupr-y

1956 until 27th December 1)57.

South Ice Base

The imland base was established at 81 056 South a~nd

28051/ et,25 mi les south cf t[he 7hi vray Ilunataks : nd

29.7 miles shouth of Shackloton -at .n altlitude of l,35Om--

(4,7430 ft.). South Ice, wa occupied from t Fbury15

until 6th Ja-nuary 15958.

(2) TLIT VIRCITIILI:ýTT. L C0ETBITIO!TS

AIntarctic weather is typically very cold ý nd windy.

The lowest toicnpocra tore recorded at Shiacklelton in 1957 was

-55.1 0C on 20th A'ugust nad the- hig,,hcst toimpereture +2.80C

on 13t.- December 1956. The lc-:.c.st teivcm-Erature recorded at

South Ice duringý 1957 was -57.3 0 on 29th July end the

hig~hest -8.2 0 C em 13th Decembe,-r. The averageo monthly

temperatures at Seuth Ice wocre alw,,ays lower thaý,n the

average monthly temperatures at Shackloton.



0

z

0

Cl)

IC)<

LiiL

D 0

C/) - z I--
1 0 z

C/) 0 l 0
z LU 0
o N 7N

LUI

_ LU

z<
C-)

C)

U-

z
LUJ

4LUO

~C)

C O* 0 0 0l co

(SIOU)1) C]]dS GINIM (Do) ]ýdfllVad~VN]



Three hourly mctrornl.ee:<ical obsoerve-tions were made,

at Shackleton, and ssix hourly observations were made at

South Ice durinE 1557. The wind da~ta rýýefrs to a heizht

of ilie above the-. surface, at Shackle ton :nd to a height of

8ro at South Icc. Theý-re are- no santisfa-ctory radiation

results for Shackleton in 1957. For four months during,.

the :ntr2iy June, July and- L'.u.,-ust) the sun did not

ri s c bovre the ho ri zon .nd f or f our mionths during, the

summ,,er (Nover-ýb r, De m--be-r, Jaý,nuary ,nd Februa ry') the sun

did not set. During1 the light imonths the_ sun wvas often

obscured by cloud.

The humidity factor has not 'Deen taken into account

becauseý this has little-. effect, on the com_,fort of maýn in

the cold. (Fdhola-- & Lewis 196,1)

For the- ;)criod of theý crossine:, r.Žeteýorologicel

observa tions wore miade at i etrvl- ls of three hours, except

durin- the periods for slcp The miAnim-_um tem-ereýture

recorded wias -35.9 0C ý.cd tS maximum tempoi,,re turo recorded

wafe -13.1 0C. The conditions on the crossing wiere. more

severe thz a the conditions ýt base durnn::- the same period

the year before. On the crossing', the only protection the

mein had wr s pro)videcd by thcý ve;hicleýs C-nd th~j tents at

n ig-h t . They were hrfr more. continuously exposed thcir

they had beon at base. If acclimatization to cold occurred,

it should become_,, most rppanrent durinc. this pecriod. The

crossing, data was thecrefore examined first (and in prute

deta~il) to see whtevidence of acclimatization could be

found, The analyses a~rc considered hero howeve-r in the

chronclog,,ice-l ord~er in -;hich the events occurroCI i.e. base

dataý first, followeb' by tile crossinll, data.

IV. 2
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(3ý- P7P ,17 I -L IJ7VOLVWP

Alist of theý names -of those membe-rs of the TrEans-

A.ntarctic Pa-'ped'ition referred. to in this survey is Eiven

in Table IV (1). This surve-y does not cover the activitics

of the A-dvrncc 'E',rty, (Goldsmith l959)ncr does it cover

theo Ross Sea party. (Fuchs & Ilill-ry 1958) The tcble

iJvces the. oooulations and the; subject number by which the

indiviOdus 1 is referrod to in the rest of this survey.

Subjects 1, 2, 3, z4 nd 13 wero e-lso mamb' is of the Aclv floe

Party, and subjects 13, 11 13 ý.-nd 16 were members of the

F07al Air Force continoert 1-nc flow across- the Antarctic

Continent whili. thb- o'111r subjecct num-berss 1 to 12 made

the crossini'ý )n thE, ind vchocles.

Tablc IV (2) ý,iv(~s th,- c vueli e, faý.t thickness, averee-?

vwcigzht, the- h.- Lt ý.nd t ec surfaceý Ecea of each subject.

Surface area is given by the Du Bois-iMeeh formula

.2 = 0 425 .,0.725
_ x1 x 71.04A

and is commaonly read from a nomogram.

(W-nude weight in kg, H = height in cm-

surface area in square meters)

IV. 3



1Q56 - 195L3 Trans-Polar 1.rty S U 5 0c t 3E 0. U~c s-C '11n.

Survey fojr Ir-'entificý'ti:,n

*Dr. -7 1-'. Fuchs , lixoodi ticn Leader,
Geoloc-ist. 7

ID. G. Stratton~, Diý,"ty Loade'r,
S urve yo r. 6

K. V. B 1aik4ikock, Cuveo 4"

ID. L. Pr-att, Endincr. 8

Serg,-eant -iria jor ID. 1j. L. Homard, R7KIE,
En,1 o in o e r . 3

P. '. . Lenten, Ce rlpenter end Radlio
Gperator. 2

J. J. La GrE.anljoý, J'ioteorojlý,,ist (South
,.f ri ca.)1

0G. ID. Pratt, Creo!?hysicist. .5

Dr. A.' F . Roers , Piedicce 1 Of fice r -nd
Physi olo,ýi st . 10

Dr. E'. List-cr1, Glacioloie:ist. 11

Dr. PK J. Ste~phenson, G )1O:'-ist
(US t rE I a) 9

G. Leoi-re, Photo,,ýrrepheir (!,Jew Zealand) 12

Roye.1 Air Forceý Contino-ýent

Squa~ndren Leo der J- F, L&eoois, Senior Pilot 16

FliLht Lieutnnant G. HI. Maclop, Second Pilot
( Zea.7oland) 15

Fli '-ht iont P Ist-on 9 Aircraft
1Mecha nic.1

Sex c ent (Taf-fy) 0 iias 1 Radio

*NoF., Sir Vivian Fuchs.

Ta-ble IV (1) hebrhpof the, Tranc-A-lnta rctic 71xpadition
I V.4



Subject 2.C.. at Avcrcjo Fat Avcr•:c eiciht Heilht Surface
Dio. So,,uth Pol- T iicn,'-- :O o63e ,8 (~ m ) A e i

Souh Lis Tieh~.rn Iov-56-Fcb.I 56 ( ' Ara,

(Jan-1958) N0v.5 6 -F,-b 5 8 mK:) 2

30 18.<1 90.5 184.2 2.14

2 F 31: 17.9 80.2 172.1 1.93

3 Yý 37 5 577 66.7 171.7 1.79

4 < 30 6.94 67°5 179.1 1.85

5 30 12.44 85.4 186.6 2.11

6 F 30 10.18 74,9 182.9 1.96

7 AF 49 11..' 81.1 180o3 1.9C

8 38 11.85 87.6 190.5 2.16

9 27 12.57 77.8 172.7 1.91

10 A 40 14.33 75.4 177.8 1.93

11 A 34 10.45 75.1 175.3 1.91

12 Z, 311. 12.17 78.8 187.3 2.05

13 38 16.6 76.8 172.7 1.9

1,11 F 36 1,.6 90.9 182.3 2.13

15 35 14.5 75.5 176.5 1.92

16 F 35 20,4 922.3 182.3 2.14

* Previous experience of cold climate.

A = Experience in the Arctic (e.B'. Eritish North Greenland

Exped'iticn)

F = Exierience in tVe .-nterctic (,• ;.,. a member of the
Falklsnd Islands Dependcncies Survey)

E = hiember cf the Everest Expedition

Table IV (2) Characteristics of Subiects.
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PLATE IV (1)
Icing-up of beard and moustache and accumulation of drift snow in the fur
trimming of anorak hood. Winter 1957.

.7;

PLATE IV (1a)
Aerial view of Shackleton Base January 1957, showing Main Hut, Stores and
Wirelpss Mast. In the distance are long lines of fuel drums.



(4) LIFE AT BASE

The extreme conditions in which the Advance Party had been living

ended with the arrival of the Main Party and from the end of January

1957 onwards when the Base Hut was completed, life at Shackleton was

comparable with that at any other medium sized Antarctic base, although

the climatic conditions were rather more severe. A strict 24 hour

routine was observed and emphasised by the diesel generators which

thundered all day from breakfast to lights out, no matter whether

outside there was the continuous darkness of winter or the 24 hours

daylight of the summer season. Breakfast was from 8-9 a.m.; coffee

11-11.15 a.m.; lunch 1-2 p.m.; tea 4-4.30 p.m. and dinner from 7-8 p.m.

Usually everybody worked all day until dinner and many relaxed over

books or other occupations after dinner, but there were always a few

working right up to lights out at about 11.30 p.m., at which time five

or six people often had a hot drink and a quiet chat in the kitchen.

The hut was large and by Antarctic standards comfortable. Heating

was by solid fuel stoves burning Phurnacite, and an Aga cooker gave the

cook good scope for culinary skill. The air temperature at 2m averaged

13.5*C over ten months occupation. In the rafters at the apex of the

hut clothing could be aired at 20+*C, but floor temperature was about

freezing point. There was often ice on the floor and a blow lamp was

always used when the floor was being scrubbed. The hut was buried by

snow and only the apex of the roof could be seen from a distance. Entry

was by steps donm to a tunnel leading to a door and there was always

difficulty keeping this clear of drift snow. One man in turn was cook

for a week and had two 'Gash Men' to wash up, stoke fires and saw up

snow blocks for the water supply tank. There was no fresh food of

course (except occasional mustard and cress grown on trays in the loft).

There was an adequate and varied supply of tinned food such as meat and

butter, and dehydrated foods such as egg, milk and potato - a range of

food typical of any Antarctic base. Fresh bread and cakes were baked

several times a week. A capsule containing all known dietary supple-

ments in suitable quantities was devised and each man took one a day

throughout the expedition.

An energy balance was completed on one man over a period of seven

days and nights, all food eaten being weighed, with a detailed analysis

giving the calorie values (McCance and Widdowson 1960). Energy

expenditure was measured with the Integrating Motor Pneumotachograph

(Wolff & Fletcher 1954) and the results (already briefly referred to

by Edholm 1960) will be published in detail elsewhere. The calorie

IV. 6



PLATE IV (2)
Shackleton Base - dragging in snow blocks for drinking water. Note drift scoop around trap door entrance to
tunnel in foreground.

PLATE IV (2a)
Shackleton Base - entrance to Hut Via steps to tunnel. Spring 1957. Seen from
inside.



/

PLATE IV (3)
Ice formation on stubble beard in cold weather - condensation from breath.
March 1957.

PLATE IV (4)

Lunch time break during crossing. January 1958. Note dogs resting.



intake averaged 4,100 Kcal a day, the total intake being 28,700 Kcal

for the seven days. The subject (No.5) was large (height 186.6 c.m.;

weight 84.8 Kg.; surface area 2.11m 2) but the food intake for the

other members was of the same order.

Normally every man except the cook spent part of each day outdoors.

There were no special privileges, conditions were the same for everyone

and everyone in turn shared the less pleasant chores such as scrubbing

frozen floors and emptying latrine buckets. The only exception made,

by common consent, was that one subject was excused cooking, not because

he was unwilling to do his share but because the others were unwilling to

share the results. He took a slightly larger proportion of other chores

in consequence. Cooking was a real difficulty. It took highly skilled

men away from the jobs they were trained to do and employed them in a

task they had not trained for. it was inevitable however as the

logistics of the crossing were so critical that no passengers could be

carried. The vehicles could only drag food and fuel for the twelve

men needed and planned for on the crossing,and each of these had his

special task. There was no way out from Shackleton except across the

continent by Sno-cat. (No relief ship was to come in). There could

therefore be no cook at base since he would have been a non-productive

passenger on the crossing. Despite this, wonders were achieved and a

remarkably high standard of cooking maintained.

Morale was consistently high and there were none of the quarrels

that have so commonly occurred in small groups of men isolated for long

periods in difficult conditions. This was probably because the men

were all volunteers and specialists with a specific task they wanted to

do, and were competent in at least one other field of work as well.

Everyone had been on other expeditions of various kinds and knew what to

expect. The leader was a man of enormous experience and remarkable

personality, but all important decisions (except in utmost emergency)

were made after full discussion amongst the whole party and were joint

decisions. Each man had absolute responsibility in his own field.

The result was the extremely high morale already referred to, and a

remarkable absence of internal strife.

IV.7
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TABLE IV(3)
CONTENTS OF T.A.E.SLEDGING BOX (2 MEN - 10 DAYS)

Wt/oz. Kcal/oz. Total Kcal. Kcal/man/day

1) Butter (6 tins ea. 1 lb.) 96 226 21,696 1,085
2) Pemmican ( 7 tins ea. 1 lb.) 112 167 18,704 935
3) Biscuits (24 pkts.of 6) 1 tin. 86.3 137.5 11,866 593
4) Sugar ( 4 pkts.ea.l tin,

l½ oz.cube sugar) 62 112 6,944 347
5) Compressed Oats (1 tin, 3 ibs) 48 115 5,520 276
6) Milk Powder (2 tins ea. 1 Ib) 32 150 4,800 240
7) Chocolate (5 bars, 2 oz.milk) 10 167 1,670 84

1 tin (5 bars, 2 oz.plain) 10 155 1,550 77
8) Kendall Mint cake (3 bars ea.6 oz) 18 ill 1,998 100
9) Bacon (1 tin, 1 lb.sliced) 16 120(av.) 1,920 96
10) Pea Flour, 3 pkts.of 8 oz. 24 78 1,872 94
11) Cocoa (1 tin, 12 oz) 12 128 1,536 77
12) Potato (1 tin, 8 oz.dried powder) 8 103 824 41
13) Raisins or Dates ( 8 oz.pkt) 8 70 560 28
14) Sardines (I tin, 4 oz) 4 84 336 17
15) Dried Onions (1 tin, 8 oz) 8 50(say) 400 20
16) Salt (I oz) Nil
17) Marmite (2 od) (or Curry Powder 2 oz) Nil
18) Tea (1 tin, 4 oz) Nil

82,196 4,110

Total Kcal value for each box 82,196, giving 4,110 Kcal.per man per day.

T.A.E.Boxes issued Nov.24, Dec.4,15,27, Jan.6,16,29, Feb.8 and 27.

M.R.C.Box (2 men-lO days, 5,000 Kcal(day) issued 19 Feb.1958 (trial pack)

Supplementary Rations issued during crossing to each 2 man tent:-

25 Dec.'57. 1 lb.Dried apples, two 12 oz.tins Corned Beef, 1 lb.Jam.
27 Jan.'58. 3 lbs.Jam. 29 Jan.18 oz.Kendall Mint Cake, I lb.Dates, 1 Soup

Powder (40OKcal), 12 oz.Luncheon meat, 1 lb.Milk Powder, 12 oz.Corned Beef.
5 Feb. 4 lb.Jam. 6 Feb. 4 oz.Cheese, 2 lbs.Steak(fresh). 8 Feb. 8 oz.Dates,

12 oz.Kendall Mint Cake, 5 Soup Powders, 12 oz.Luncheon Meat, 8 oz.Dried
Egg, 4 oz.Sardines, 1 lb.Glucose Tablets, 1 lb.jam, Bacon 5 oz, 22x2 oz.
bars Chocolate, 4 oz.Cheese. 9 Feb.4 Eggs, 4 Oranges, 2 Apples. 12 Feb. 4-lb.
Jam, 12 oz.Corned-Beef, 16 oz.Dried Milk. 17 Feb.40 oz.Chocolate, 8 oz. Dried
Egg, 12 oz.Corned Beef, 8 oz.Bacon, 16 oz.Dried Milk, 4 Soup Powders, 4 lbs.
Sugar, 8 oz.Boiled Sweets. 23 Feb. 2 lbs.Steak, 4 Eggs, 8 oz.Luncheon Meat,
2 Cans Beer, 2 tins Peaches. 26 Feb. 1 Egg, 2 oz.Bacon.

IV.8



PLATE IV (5)
Snow-cat trapped in mouth of crevasse.

gA
44

PLATE IV (6)
Probing for crevasses. The man in the middle is standing on a wall of safe ice between two crevasses. The man on the
left is testing the thickness of the crevasse lid on which he is standing.



(5) Sledging Routine

The sledging gear, the camping routine and the diet were the same

for everyone, and were the result of many years experience and develop-

ment by the members of the Falkland Islands Dependencies Survey,(F.I.D.S.)

now the British Antarctic Survey (B.A.S.), and incorporated practical tips

and methods from all sources available from the turn of the century

onwards. Four of the members had already been on several previous

Antarctic expeditions with F.I.D.S., and the entire expedition routine was

firmly based on F.I.D.S.methods. In addition, five members had experience

of other Antarctic or Arctic expeditions and one had been on the first

successful Everest Expedition. Four had no previous polar experience but

had experience with various other expeditions. All adapted well to the

routine and worked harmoniously together. The group was notably free

from internal strife.

The men camped in pairs using standard F.I.D.S. double walled

pyramidal tents with a seven foot square base and seven feet high at the

apex, supported by four very stout canes permanently fixed one in each

corner so that the tent could be opened and shut quickly and easily like

an umbrella. Internally the tent was six feet square at the base.

Entry was by a tunnel or sleeve through each of the two walls and each

sleeve could be closed separately or held open by tapes. There were also

tapes at the apex inside, to hold pot hooks for duffles, inner gloves,

socks, sweaters etc. to dry, and here a two inch rubber tube passed out-

wards horizontally through both layers of the tent wall as a ventilator.

A standard paraffin pressure stove (Primus) was used for melting ice

and cooking the rations and this also warmed the tent and permitted the

drying of clothes hung at the apex. The primus and cooking gear were

kept in a standard F.I.D.S.sledging box and the rations for two men for

ten days in a similar box.

The allowance of paraffin was two gallons for two men for fifteen

days in the summer when indeed it could often be made to last for twenty

days. In winter sledging, two gallons lasted from ten to twelve days.

This allowance permitted the deliberate drying of clothes as well as

cooking and is one of the most important changes in sledging routine in

the last fifty years. Formerly, in the days of man-hauling of sledges,

in order to keep the weight down, the absolute bare minimum of paraffin

was carried with the result that clothes and sleeping bags were never

dried out. As the outer layers of clothing are at temperatures well

below freezing point, ice forms slowly but steadily within them from the

freezing of insensible perspiration which of course is continually passing

IV. 9



PLATE IV (7)
Snow-cat and tent. Typical camp during crossing in heavy drift.

A A,

PLATE IV (8)
Camp on the Skelton Glacier in high wind and drift snow.



out from the surface of the dry skin even when no sweating is taking

place. (Burton & Edholm 1955, fig.17). Under these circumstances the

gear got steadily heavier and disaster constantly threatened if there

was the slightest shortage of fuel (see "Scotts Last Expedition" for

example.) Nowadays as the result of a heavier starting load of fuel,

the clothing in modern sledging techniques is always dried out at camp,

thus preserving its heat insulation - and the load gets steadily less

as fuel is consumed and no ice accumulates. The technique is safer

and more comfortable.

The first act when camping was to choose the tent site and stamp

the snow flat if it was soft. In the heavily crevassed areas es.pecially

at the beginning of the crossing it was sometimes difficult to find a safe

area large enough for a vehicle and tent. Skis were worn continually

outside the vehicles in these areas. The tent was pulled out of its

bag, opened and the projecting ends of the four corner canes pushed a

foot into the snow. Safety from the sometimes violent winds was given

by loading snow blocks on the outer skirt that projected horizontally

outwards all around the tent base. Several hundred pounds weight could

be quickly and easily built up if needed. Guy ropes gave a little more

room inside by pulling out each panel.

The "inside man" then entered receiving the ground sheet, two

blankets, two sheep skins, two double layer sleeping bags, and the

cooking and ration boxes from the outside man, who then attended to dogs,

sledges or vehicles, and cut more snow blocks as required.

A brush was always used for cleaning snow off clothing and footwear

on entering a tent lest it melt on the clothing. Inside the tent each

man took off his headgear, windproof trousers and anorak, gloves, outer

footwear and duffles and hung all these up to dry. A plume of steam

could often then be seen issuing from the ventilator. Most people then

sat in their double layer sleeping bag to cook, or eat or write, still

wearing underwear, shirt, pullover, socl:s and trousers. This was

partly for warmth an, partly hecause the only other working position

was kneeling which became ouite painful after a time.

The evening meal was usually pemmican with potato powder or pea

flour and some dried onion, sultanas, raisins, cheese or curry in a

vain attempt to vary the flavour, and tea to drink. Breakfast was

porridge with sugar, milk, butter and raisins and as much liouid as

desired (usually tea), and the inside man then prepared a lunch of

butter and biscuits with jam or marmite, and two pints of water or coffee

or cocoa per person in a thermos. The edible portion of the T.A.E.
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sledging ration (as distinct from tha water, salt and roughage content

-see Table IV(3).contained 17.6% protein, 36.4Z fat and 46 carbo-

hydrate. The daily intake per man from the basic sledging ration was

protein 124g, fat 255g and carbohydrate 323g. Despite the high calorie

value of the diet its bulk was low and some felt hungry while not eager

to finish their pemmican. This passed off and the standare 2 man box

issued every 10 days was supplemented by issues of jam, chocolate, tinned

meat etc. as detailed in table IV(3), and by food provided for short

periods at South ice, and at the Amunsden-Scott Base at the South Pole,

so that the daily intake rose from 4,110 !cal given by the basic issue,

to over 5,000 Kcal a day for much of the crossing journey. During the

last two weeks a Medical Research Council experimental box giving

5,000 Kcal a day was issued and much extra food shared out. It is likely

that this was all consumed since another T.A.E. box was issued three days

before the Jou7rnn ended (giving food ad libitum), and it was certainly

consumed in at least one tent, giving 0th enormous total for a few days

at any rate of 7,000 Kcal a day. Even so the four subjects for whom

weight records are available during the crossing all lost some weight

(see page MV.30).

Urination and defecation under normal conditions presented no problem,

the shelter provided by any sledge or vehicle being andeuaeo and the time

involved short since the diet produced a fairly large soft easily passed

stool. There was therefore no danger of frostbite under normal conditions.

During blizzard conditions the absolute necessity of keeping the clothing

dry and not allowing open garments to fill with drift snow necessitated

defecation in the tent, usially im•imediately before striking camp. An

empty food tin was used for urination during the night and the very

greatest care taken not to spill urine on a sleeping Oag. Husky dogs

are eagerly coprophagous and a looss iog in a two day camp will scavenge

widely an! dig up faeces, presumably for bulk, as the fat content even

on a sledging diet is normal (see Lewis H.E. and Masterton J.P.(!955),

Lancet II 500;ann Masterton J.P., Lewis H.E. and Widdowson E.M. (190),

Brit.jl.Nntrit. 1!, 346-3138

An amusing phenomenon resulted from urination into recent snow, as

the snow melted and the urine ran down•cwards and froze. The wind soon

cut away the adjacent softer snow (as in the wind carving of sastrugi)

leaving the hard ice bohind like an upside down yellow fir tree. These

were christened'i 1 -omitas

The critical logistics of th; crossing limited personal gear to

30 lbs (13.6kg) which allowed for spare clothing, a 'housewife' for
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sewing, tobacco, chocolate, one book and a camera.

Pitching camp and breaking camp each took about an hour. Particular

care was always taken to close bags and boxes before passing them out of

the tent since drift snow covered everything on the sledges and penetrated

all openings.

Owing to the long hours of driving, sleeping time became less during

the journey, dropping at the end to 5 hours a night from an average of

over 7 hours at base. Scientific work during the crossing had to be done

during this period otherwise available for sleeping.

Temperatures in the tents rose from ambient to +404C. at the apex

within minutes of lighting the Primus. The air temperature at Im

measured over periods of 40 minutes on 14 occasions during r.etabolic

measurem2ents ranged from -ý- I°C to + 10C and depenoed on whether the sleeve

entry way was open or closed and on how long the Primus had been burning.

The average was 5.1C. The temperature fell rapidly as soon as the stove

was out an d was usually between - 10'C and - 20* C on waking. Ice

collected in the blanket (of synthetic material) placed under the

sleeping bag during the night and a lesser amount collected in the sheep-

skin, and this was removed by shaking each day. Ice also collected in

the opening of the sleeping bag and it was found convenient to fill this

opening with a very loose woven dish cloth material, loosely arranged.

The water vapour in the exhaled air condensed to ice in this open mesh

rather than around the neck of the sleeping bag and was more easily

removed. Moreover inspired air was warmed on passing in through this

crude heat exchanger and the face, especially the nose, was certainly

warmer than without the arrangement. Those who simply withdrew into

their bag and closed the neck without any such device had considerable

icing up of the necks of their sleeping bags. Sleep was always inter-

rupted by turning over since a conscious effort was needed to turn over

in these heavy bags.

The windows of the Snow-cats also iced up inside and had to be

scraped regularly. Cab temperature depended on whether the windows

were open and the only actual measuramonts available are - 25'C and

- 30'C on entering, and 2.5C at head level rising over an hour to +54C.

The cab floor was always well below fre2zing point. The tents gradually

iced up especially during the later part of th, journey between the South

Pole and Depot 700 when the altitude rose to a maximum of 3,015m.

Several members had painful cold-cracks on the fingers. These healed

rapidly in the last days of the journey, when the temperature rose as

the party descended some 2,500m down the Skelton Glacier. The ice and
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rime on tha lower part of the tent walls, and that inside the Snow-cats

d:copped off during thes2 last few uarmsr days.

Probably the most important thing wns to keep the clothing clean and

dry, since damp clothes freeze, and leak heat. This also meant keeping

the tent floor and sleeping bags clean. Another important factor to

remember was the much increased time needed for even the simplest tasks

while encumbered with polar clothing, and the great difficulty of

performing accurate delicate movements, or even writing, while wearing

several layers of gloves.
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DATA COLLECTED TN ANTA ,CTT 2A.

(W) INTRODUCTIONT

Each man completed a daily record of the clothing he worc

outdoors by ticking a list on his sleep card, on which he also

marked his sleep for the night before and his activity, and

-hether he was working indoors or outdoors. (Figure V (1))

The conditions during the crossing were strenuous. Driving

was often difficult or dangerous beocause of sastrugi or orevasses,

and blizzards, whiteouts, drift and low temperatures added to

the dif iculties. The working day was very long, often sixteen

hou:s, ýnd sleeping time was restricted, averaging six hours.

On pitching camp Et the end of each day's run, the natural wish

was for a quic- meal End then to get to sleep as soon as possible.

Observations 'measura;ments or ex:periments done in camp wore

in fact done in tine which could have been spent sleeping, and

it is not surprising that activities not essential to survival
(such as filling up sleep cards) were not always performed with

enthusiasm. Records for one man are completely missing for

the last six weeks. On averege, for the remaining eleven men,

not more then four or five days are missing for the crossing

period of three months.

The spEce on the record card for the activity was not large

enough, and unfortun tely activity records have been missed out

for some days by some of the men. As f r {.s possible, evidence

of their activity has been collected from other sources such

as diaries, tentin-, partner's records and the log of the journey,

and th-e deficiencies thus made good.

If the clothing records wrerc not completed for a certain

day, then that day has bean ignorod in all work using regression

analysis. In a case where there is no information ebout a man's

activity, light work has been k. su ed. Activity information

is miosing mainly from the cro,-o ing, and it has been assumed

unless an activity has bcen filled in that the men were either

driving a vehicle or tr-velling Fa a pass;enger. This is in

fact a safe assumption since the activity was the same, day
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after d end was not filled in repetitiously for tha-t

reason. Ylhen otheeý activities occurred, then the activity of

the whole party changed. (since eýli the vehicles kept together)

and is recorded ja other al-op cards, diaries and the ofý-ficial

logý kept by, tl, iceader. Per e~xampleF, when crevasses wiere

riet &nd prcbiný: had to be done, the whoe artly undertook- the-1

work. In thec early pig before the rmPi crosýsing otaýrted,

there were scv m-rl par-ties woMrking in the field, includingC

the route findin- party, and thiese -ll kýept adequate separate

activity reod.Further det-ils are given in 'The Crossing

o f AntEarctica' b., Sir Vivia.n PTuohs end Sir Ed-mund 1-lillnry.

(2) CLI711.TIC Dýri.T,

Temeerature, windspecd, cloud cover, altitude e~nd drift

record.,, are avwilable for the wý,hole of the period in Antarctica.~

(La Gx-ngeý 1963) Yo wea.-ther records are available at

3'h a c 1-1 e t on or 1Teov e mb er 19"/'5 7, b ut t he kAmeýr i can s taýt ion a,,t

:Plls1-rorth is only a few ril es from, Shackileton, end weE- ther

records 1rv1er .mede the-re from Jul1Y 1957 until Decemb-;r 1958-

( Climatolog-icE 1 :Data for A'nt; ro.-tic Stations IJuly 1957 to

Decembi-r 195 ' umber 1. IT.c D-eartmen of Commere We-a th er

Bureau.) A comparison of th'l iI r tures a. t Shackleton w,:ith

t h oo a: t Z 12l-.-o r th f or J uly, ' UgL" ~ut September ar.13 October

1957 shows en -greme; it'lin 1 0 C The temperJ ture at

Ellsworthi has th eoebeen used E.-i approm.imating to the,-

tem,-per,-t are ;t SJhackle ýton for Novem,,-ber1 1957,

The sleýep records shearýed the--- extent of the. working day.

Thte tempera ture, for the da~y was tken as the. average value

ovelr the jperiod~e~ the,. 1men w-.ere, inot sleeping, and a similar

veu wstakecn foy thej windspeed, cloud cover, altitude and

drift.

Radie.tion e:ný Cloud Coveýr

Incomin., r. edation caýn be a very, iepo rteýnt factor in

persona~l comfort c t ye nioue timeijs (Chronko &, Pugh 19,61)

For e:xample, there- were a. e occasions whelin members workedCI

strip~ped to the lmleiqt a~t low-. tcmperc turco because there wýa~s
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bl sinL sunshýne Encd no vn.The ;smallest cloud, or -breath

of -nind causýed hurried drc-,i-ng. Cloud Cover a~nd incoming

r diation are obviously linked, ,and &lthoucyh rc diation records

for the .e rio! of the oressinE are not complete (o-wing to the

malfunctioning of the: instrumeiýnt) there arc.- full reoords of

colud cover for th,- e'itirc, period. Cloud cover w,.as mceasured

in eighths .(0 = no ci oucl, 8 = completely, overcast)

A, correlzi tion of tot, 1 color rsdiation eýnd Cloud cover was made

for a period of three monaths wchen continuous records for beth

xverc avlilabln endoa the correAntion wooý found to be significsnt

at the 1- levesl. For the one lycis of* *he crossingZ data., cloud

cover was thcrefore used as an indication of the radiant energy

fc illin,, 0o± theý ien. It aenot used f-or thýe Ec nlysi c of the

base data.

SunashIiine

Dail,, num-berý of hours of sunshine core availo:ble foi' the

lconed of occup~ tion of Shackle ton nd-' South Ice Bases.

Drift

Looso surfsce snow moves in thn wind, a-nd is very unpleasant

at hsead le-vel, e--nd drift was therfacr recorded as low drift or

high drift. Fro the purposes of thiis analysis, drift has been

divided into the follo-w-ing, ctc Vo -icc..-

C = no drift

1 = low,. drift sýustained over the doay

2 = low:. and hi,,ýh drift on the same day

3 = haigh drift susta~inedý oven the dlay

(3) C LOTHI4PT

The !--.on zere a~ble to choose from the folloV.'ing list of

clothing. There -was ail-nays enou~h clothing_, to choose from.

A very fear articles aei -1old a-t the South Pole. Spars clothing,

,,,as cce don the cros sing and the men were. able to Let

replacement articles of clo ohm> if their gcmasbecame badly

soiled e.g. Tith oil or groas during vehicle maintrineace.

(although several men k~ept special outer garm.ent for this
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dirty job) On the crossin- it was entremely difficult to

change the clothing' during the day, end so whso w vas donned in

the riýing ias worn for the whole day.

Cl othi nr g' Description

Hands

Heavy,- duty lov - Leather! reinforceddt clumsy to use.

oSkil- 1at'e r ,!ovcs ,behorter- im>ter; still olumsy to use.

oocl ", Thumb End one finger separate.

Duffle inrmer 'loves Woollen felt; only thumb separate.

Silik i'-loves All fineers separe, ted• used briefly

.. hile nnipuleting instruments out-
doors.

Wrict7ets (R.ooFo issue) Fingerlee-s knitted woolý very useful.

s oil-:,n eitts Not popular.

Feet

Duffle slippers Woollen felt;, three sizes to be worn

inside each other a.s a set.

Woollen socns Ankle length.

Woollen seaboot stockings Thick, knitted wool, knee length.

i[ukluk duffle inners" oollen felt; inners and outers

Tiukluk duffle outers sworn togothcr inside mukluks.

i•ukiuks oCanvas tops with rubber soles.

Felt insoles Used inside muliluks.

ocains Sot 1efthert- excellent st low
tmper-, ureS.

Plastic insoles Used inside moccasins or boots.

Ski boots TLether -with thick rubber soles',
rot suitable for very low temperocre:.

Head

Dalacla:v 7Woollen. knitted

'Furl hat Sheep skin lined leather with flaps

to cover ears.

Woollen hat Knitted ski cap

Sno-f Pocg.les Obligatory Et ell times outdoors-
blocks ultra violet light.

Blizzard eiask Quite unsuccessful! abandoned.
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Upper Trunk Description

Duffle inner snor' Rarely used.

Outer anorakVindproof cotton ventile with hood,,

-:orn at base only.
ledgJi ng anorak ,oughly the same as the outer anorak

but with w.-olverine fur edging round

hood. a better shape end with ziP
pockets.3 the univwrsal outer garment.

DowJn anorak Quilted windproof cotton~filled with
dowTn; w-orn at base only.

String vest Cotton3 , very important basic garment.

W'oollen vest Short sleeved.

Aertex vest heore popular then wool.

`Uoollen shirt

Cotton shirt

Pyjama jacket Cotton.

Blue seaman's jersey Thin w-oven wool with a 'v' neck.

Khaki jersey Wool w, ith a round nech:; army issue_;

very popular.

Dhite jersey Thick knitted wool wTith a roll nocký
Royal lTavy ~ubrrine issue 0

Woollen scarf iNot much used.

Scarf Loose knitted dish-cloth type

material; often used.

L ow,,.e r Trunk

Aerte-c underpe:nts Universally used.

.... r't under ts Short legged• thin woven w.vool 0

Long underpants Thick knitted tights-, wool,

e-cellent in eatreme conditions.

Pyjama trousers Cotton

Battledress trousers Thick wool; army uniform typeij
unive rsal'ily w,•orn 0

Windproof trousers Cotton ventile, obligatory outer
garl eOnt 0

Down trousers Quilted ,indproof cotton filled with
do-w,,n;, occasionally used, at base

only, matched down anorak.

Sec Plates V (1), V (2 V (3) and V (4) for illustrations

of representative clothin, assemblies
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Plate V (i) shows the subject wearing: a khaki jorsey,

battledrcss trousers .nd moccasins. The usual underclothing

would be,- string vest, short aertex underpants, cotton or

wool shirt, socks, End duffle inncrs under the moccasins.

In severe conditions long: underp; nts were worn.

Plato V (2) shows a dark coloured w-indproof sled,-inCg aiorak

with wolverine edgin-, to hood. The waist is loose, end not

tucked in rnd the hood draw string is half tightened.

W7indproof trousers are shown wv:ith the ankle closed by a

tap•e around the outsido• closed over the moccasin. Both

anorck ýnd trousers are patched Lnd had been worn for

over a year. T he heavy duty sledg,,ing• gloves are attached

to a lamp wickc harness to prevent loss in high winds.

Snow 'ofpgles completo thQ assembly which is worn over the

clothin: shown in Plate V (1) . A hat is worn under the

anorak hood, end woollen glovws end duffles under the

heavy duty leather gloves.
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Plate V (3) show1s shesopskin 'fur' hat, lig'ht coloured

anorek vwith hood don,Jn draw- strings loose, not tucked in,

and heavy duty sledf-inq ;loveso Light colourad windproof

trousers a.,- shovwn worn outside -ukluks on one le,- and

inside on the other. Both arrang ements w,,ere used.

Plato V (,!) shows a dow-n fille d anorak and down filled

trousers, worn over other clothin,. The hood is up over

the head end all the draw strin s ex•cept that around the

hood are drawn firm. T1he hood has a canvas extension to

help shield the face fro. w-indo iHevy du y gloves,

moccasins and snow iogx,1es coimlete the assembly.
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Crossing party at the South Pole 19. 1. 1958 wearing typical outdoor clothing (except for snow goggles).



(4) WEIGHT AITD ?.T THIOKITSS

The fat thickness a•i weight records were made on most

subjects each month for the ten month period at base, and some

measurements were made at the South Pole during the crossing.

The subjects were weighed nude, in kilograms. Weighing

was carried out late at night before going to bed and after

emptying the bladder.

At base rn acc;urate w!eighing machine was used, but on the

crossing only a light weight spring balance of the bathroom

scale type wvas available and was found to be of low accuracy.

The logistics of the crossing were absolutely critical and

heavy apparatus could not be carried.

The fat thickness was measured on five different points

in tenths of a millimctre on each subject. The points weres-

(1) Outer arm, between deltoid insertion and elbow.

(2) Front of chest, lateral clavicular line opposite nipple.

(3) Abdomen, paramedian between costal edge and iliac crest.

(4) Outer leg, one third way down thigh.

(5) Subscapular point.

The mean fat thickness was taken as the arithmetic mean

of the measurements on the five sites. The calipers used were

simple engineering calipers -,ith flat measuring surfaces

(6mm x 15mm) calibrated in 0.2mm divisions which could be read

to 0.1mm. They exerted a constant pressure of 15 g /cm 2

(5) SL1EI

Records of sleep were kept by each man for every night

using the sleep cards. (Figure V (1)) The page starts at

midday on Sunday and ends at midday on the followin,• Sunday.

The records made gave the time of going to sleep, the time

of getting up and the interruptions of less than half an hour

during the main period of sleep. From this, the total number

of hours of sleep per night were calculated. The records

also ave, the 'cat-naps' during the day.
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(6) 1 C TI JI TY

Although measurements were made of energy expenditure

under different conditions, measurements are not available for

all the many different types of activities which the men under-

took during their period in Antarctica.

The activities have therefore been ranked into five

different groups'-

(1) ...... 2- Xcal/min)

(2) S iit-1i i, (1.9 Keal/mmn)

(3) Li't '-- (3.2 Meal/mmi)

(4) Mjedium-. work ( 5.6 Meal/mmn)

(5) Heavy ;,ork (l10. Kcal/min)

The follovw.Ting list gives examples of the activity groupso-

Examples of 2

Flying

Radio wýork

Travelling as passenger

Laboratory- -,ork

Examples of 3

Vehicle wcork including workshop repairs, vehicle maintainanoee
greasing End -welding

Photogrephic ",work and filming generally

Pieteorological observe tions outdoors

Driving

Examples of 4

Hut building

Crevasse probing'

Seismic surveying and shooting

Glaciology

Flag placing when driving in w:hiteouts

Brake man on the last sledge of a series

General duties

Carpentry outdoors

Preparations of vehicles, planes, refuelling
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Examples of j

Dog sledging

Loading end packing sledgcos 9 vehioles, planes

Digging or tunnelling, dising up sledges or stores, pit digging

Sawing sno,.,. drilling snow

Seal hauling (c.rcasses)

Sav.ring Ind cutting' frozen seal carcasses
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VI PR TLLIU1IYI,.R Y A L Y ? I S

(1) TWERJAL ,TSTLATION OF CLOTHIIýG - COTSIDZ1-,ATIOIOt OF 71THODS

Before an7 work could be carried out on the clothing data,

some method of estimating the insulation of the clothing

assemblies actually worn by the members of thiu empedition in

the field had to be found.

Four methods available for the meýsurement of clothing

insulation were considered. (Ztenburgh 1945., Goldsmith 1960)

(a) The thermal insulation of single lnyers of fabric can be

measured using an application of Lees' disc appara tus.

(Horris G. JA 1953) This however would. prove unduly destructive

because of the necessity of cutting up the clothing. Records

already exist for the insulation of many types of fabric, but

it is not possible to combine the individual insulations unless

the fabrics have smooth surfaces. (itorris Mary Ann 1955)

In any case, the insulation of the multiple layers making up

a clothing assembly is not necessarily comparible with the

insulation of the clothing assembly when it is worn on the human

body.

(b) Siple and Cochran's (1944) technique of measuring the

circumference of the limb of a men wearing several layers of

clothing so as to estimate the total thickness of dead air

enclosed, and thereby estimating the insulation of the assembly,

was also discarded partly because of the time factor involved

in carrying out meesurements for every possible clothing assembly

worn by all twelve men on the crossing, and partly because of

the variations in circumference during activity.

(c) The number of layers of clothing in an assembly can be

counted and. the figure taken as related. to the thermal insulation

of the clothing assembly, and this method has been used empirically

by Goldsmith (1960) and later by Palmai (1962) and Lugg (1965)-



(d) The measurement of the 'Iclo value' of whole clothing

assemblies on a heated mannikin is a lengthy process, each

meEsurament requiring approximately one workcing day. The

necessary apparatus occupies En entire building wfiith its own

staff, .a-nd few such institutions e-ist. (Kerslake 1964)

e were eratremel- fortunate in hliving twenty eight clothing

assemblies measured and the details of these measurements are

given in Section VII.

(2) :,Ti7OD .h0O Op 7 T'2LT.IN..R Y ILYSIS

It was decided th&.t a 'Ico value' analysis of as many

clothing assemblies as po;.,ible was highly desirable,. and

method (d) above was set in rmotion. As this would obviously

introduce E, considerable delay, it was decided to carry out a.

preliminary analysis of the clothing data in the mean time,

using method (c), a simple 'number of layers' count as a measure

of totel thermel insulation. This had the added advantage of

making possible a compari,-on of the merits of a full 'clo value'

analysis as against E simple layer cornt, a comparison apparently

not hitherto made.

NTumber of La.-ers Count for Prelimhinar• Analysis,

The body was divided into four sections.-

(a) ucpeer trunk

(b) lower trunk

(c) feet

(d) h nds

The layers for the individual! sections were counted, a'nd

the figure obtained ,as taken as directly rela ted to the

insulation of the sections. The 'total number of layers' on

the body was also used as a number rela, ted to the insulation

of the whole assembly,9 nd this figure always included the number

of layers worn on the head. Garments ,-orn in pairs, such as

gloves and socks were counted as one garment in Ell these layer

counts.

VI. 2



In this preliaini ry 'n ljsis, wi ndproof Enora.ks ,nd down

anorks were countted as t io layers because of the eatreme

importEnce of the e•uter lyers - if windproof - in conserving

heat. In later Pnalysis, further weighting of speial layers

of clothing was ivetiated and related to the actual 'clo

value' measurements when these became available.

3) AKALYSIT OF CLO!LI N3 DAT A

3ece use %ke personal elnposure of individuals to harsh

environmentsl conditions we s longer Ind more severe during the

crossing than at base• it might be expected that evidence of

acclimatization :,ould be more marked &nd easier to detect

during this period than any other, end therefore the crossing

data w ras anal-rsed first.

Crossiny, Date

The number of layers of clothinG for each man for each day

of the crossing I.as calculated for each section of the body.

All w,,indproof anors ko were counted rs two layers. The average

number of layers of clothing on the hands for the whole group

was then calculated for each wveek of the crossing. Similarlyr

the average nunber of layers w!orn on the upper trunk, lower

trunk e:nd the feet were calculated for the whole group for each

week. An avere go 'totdl number of layers' for each week was

also calculated, nd this last figure also included the average

number of layers ,,-orn on the head by all members during that

time.

For the preliminary w'ork on the data, it vess necessary to

have some measure of the, climatic conditions in the form of an

inde7w, in order to cozpsare days of similar r' ea ther conditions

more easily. The best Eveilcble indem iL ile's wxind chill

factor, w,0,hich is E function of u-,indspeed and air temperature.

(Siele C. I.3,•l 1Z,45) Wind chill is the r te of heat removal

from the human body by wind end tepnerature difference, and the

formula for it was calculated empirica'.lly by 8iple.
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T',,.e formula used is-

(r,= 100, + 10-45 v)(3 - TP

ix.F =cc. linng pow.er of the atmosphere in kilogram

c,- lanies lpcr s'4IuFre metre per hour

v = windt ve~locity In metres per second

T = tem,-perature of the aeir in degrees centigrade

Figure V[ (1) giveýs tile nom.,ogrK ai- of the: ,,ind chill soale.

Therm has bceen- criticisil of the theoretical s o>

Siple's vvor!,ý (Court 1/40), Burton & Edholm 19,551, lIolnar 1960)

c mu one, of th- main disaý.dva.-ntages- of using: Siple.'s -A;ind Chill

inden- i-n thalt it tPIekos no account of the sun's radiation.

Siple'ls wiind chill fetri.-s oc-louletod for each d 7 1 of the

crc ssingc'

Craphs of cloth-ing w.orn ageinsýt time, wiAnd Chill against

time Eama t neeru-tuire is time we~re plotted for eaých of the

men for +'s coýDio. Lý period. (rLphs of clothing wiorn age inst

t-lnecrature a-.d clot Lha, -o-o ra ,inst wind chill were also

drawn. "PIie o- these hr T-ho to give ageneral under-

teni 0th dE tý bef ~~ore F, come,,lionited anailysis -,as

carried out. The cor-1el-tion bet-.veen the n~umýber of laYers -w.or.n

a-nd winod chill vx'l cr-jcul ted.

5$~s Data

For tho period at Sh-chlletonL~ Base) i-o- Janu-ary 1057 to
November 2)157 the Pintl tempeý)rature9 wind e~nd

w-ind chill calculi trc d -,,I eutd in -rE~phic form along

with thý. monthly v verag, s o the It otl: 1 number of layers I of

The, cocirelL.tiom be~tweeo-n nuv.ber of lavers and temperature.,

and thle cor-rele-tion betweeFn nunbe-i of layers end wind chill was

then calculated.

Th - rlmanýry analysi.- of the base data wvas not carried

out in as cmnch deýtaýil asE thaýt of tho crossingý data.. M'onthly

avoremrý,es wiore only used to save calculation time.
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VII C LOC VAL UE ýI E 1,S U RETL S

()ITl,,.TIR-O:DUCTIO3.T

The hooat looc from thie body via the skin is in part by

radiation -,nl convection, -nd in part by evaýporation of water.

If thcre is no activewotie the ,vwporation loss can be

tcaken al' a consi~nt frection of thez wholc. The thýýrma,-l insulation

of clothnin,, is concerned .- ith the non-ow poraýtive heat losses

fromi the body, *nd is given by -

II + 1, (T S T9 A 0 (VII 1i))

vrhero T c the insulation of the clothinG,

I, the insul-ation of the air

T. the tempere ture of the s~kin (or surfa-ce of
mannaikin

T, thP ambient sir teomperoture in 0C

H thý r :-teý_ of heat loss in Kcal/hr

S the surface area c-f t-,h body in square metres

The thormal insulatieln of- clothing is- usu~ally measured in

I'clo uni ts'I. Thip dcfinition of the: dlo unit in t,-rrm.s of

fundenecnte'l units-i

1 01o = 0.18 0C

ikca 1/n 2/hr

The factor 0.18 was derived from, the follow.ing conditionsý-

I 11%taoiiýi-_ý rf a cstný,,/sitin i~an 5 Kcl/M2Hs~tbolam o a estig/sttin ein 50Kee/in/hr

Therefore hoot loss of a comfort;ebly
dress.ed, restinC/slittin6 man 50, Koal/m_/hr

(indoor ambient. te,'mperature 210C
air movemo,,ýnt 10 cm/secý relotive-
humidity less than 50k,))

Allow-Iing 25'/ý of 50 2el/ /hr for tl;e,
evaporE~tive, hoo-t loss, theýn tho non--

evapratie heat lossý of comfortably2
dressed resting/sitting en 38 Kee~cl/in/hr

Average skin tempere tare of0
comfortable me,ýn 33 C
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Inscertin,_ thO-Isc v->luos in equation (VII (1)), w~e have,.-

I cl + 1 21. 33 - 21 0 C = 0.32 C

38 Xcal/m 2/hr Kca1 /m2/lhr

Ho\-/evor, under these conditions of cir movement, humidity

anc! temperoturo,

1, =0.14. 0

Kcal/m'm/hr

(W/inislow. GJaggen & Mce'rincton 1940)

Therefore *1 0.32 - 0.14. 00C

Kcal/m 2 hr

Therefore 1 dlo unit is
0

defined ass-_ 0.18 C

Keu.1/m-hr

The illustra-tion of the- co unit is usually quoted in the

follDow-ing form.-

"One col unit of therme,ýl insulation ,,ill maintain a
1)

resting/sitting manwhoe otebolism.. is 50 Kee-l/rni/hr indefinLately

co-mfortable in en environment of 21 0C, relo-t ive humidity less

then 50'/'.9 end air moveýment 10 or1/scc"

This subjcct is usefully discussed in detjil by-7 3urtcn -nd

Fdholma "7PIan in aCild Eavironrw-ntf" (1955)

The hemc in _ulation Ef cloithinga_-sýeerbly cc-n be

moasurecid on & hc ,tc1ed nii and, ithouCgh there has been some

critioism of th2 iicthod9 it ro -an2 ii Very useful tool for

comparing, the insul-ation of di. ~reat as cei-mblies, ad cuts dow,,n

m~uch of th.. messy ýnicnce involv 61~ in doing similar tests on

human beings. (. ckott & SO.Por 1056)
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Twenty four clothing' assemblies were sent to the Wright-

Patterson Air Force Base, Uoý>oA. for 'clo velue' analysis of

the total aseemlies. Four basic clothing assemblies wore

tested ;t the RoAo,. institut,. of Aviation Tedicineo, Farnborough,

England, under different conditions of -,wýindspeed, End clo voics

were calculated for eoch section of the body.

(2) fORK CARRI. OUT 2T 7A2ICHT-PATT-73O02 LIR FORCE BASE

The twenty four ssenemblies sent to the ,right-Patterson

Air Force Base consistod of tweClve pairs9 each pair (A & 13)

representing a naximum nd minimum clothing assembly worn by

each of the twelve men on the crossing. A list of the twenty

four clothing assemblies is given in Table VII (1). Further

descriptions of the articles of clothing tested are given in

Section V (3).

The tests ,ere made on a stnding thermal copper men. Thes

surface area of the copper mnnikin was maintained ; t a uniform

tenpereture by adjusting the nnergy supply to fifteen separate

electrically heated surface areas0

The combined insulation of the clothing and the air was

then osiculcted from equation (VII (1).

I + l (TS• - T,) S x '1
__ clo units

H 0.18

(0.18 io the convorsion factor froes C to do units)

/m2/,
Kcalm /Ilr

The insulation of the air wee then oubtra.cte•d from the c'lculatetd

figure to give the inoulation of the clothing assembly 1ic

Teblc VII (2) o'ivcs a list of the clo vLlues of the

assemblies tested with the range of tompecrtures end wind for

the days ,hen the clothing was worn. Tch oclo value given is

the nean of tw<o readings. The insulation of the assemblies

tested, ranged from 2-76 clo units to 1.36 clo units.
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HAJ 2A$ 3A 41A 5A; 6A 7A 8A! 9A 1OA IIA 12A
Hands

Silk Gloves i

Woollen Inner Gloves 1i 1 1 1 1 1- - 1 - I i

ileavy Duty Gloves I 1 I - ! i I 1 1 1

Woollen Wristlets .1. . . . . i -

Duffle Inner Gloves - 1 - 1 1 1 i 1 - 1

Woollen Mitts - - I-I

Ski Leather Gloves - - - 1 - -

Feet

Short Woollen Socks 2 2 2 3 2 2 2 2 3 2 3 2

Plastic Insoles 1 - I - 1 - 1 - 1 - 1 1

Felt Insoles - I - - - 1 - - - 1 - -

Duf•ile Slippers 2 - 1 - I 2 1 - 2 -

Moccasins II- 1 - - I - 1 - I I

Mukluk Duffle Outers 1il - 1 1 1 1 1 1 1 - I
Mukluk Duffle Inners - 11 1 1 - 1 - 1

Mukluks - I - 1 - I - - - -

Skci Boots - - - - - -

Head
Balaclava 1 1 1 - I
Fur Hat - 1 - --

U _p Trunl k7

String Vest 1 l 2 1 1 1 i
Woollen Vest 1 - - 1 1 1 1 1

Woollen Shirt 1 1 1 1 1 1 1 1 1

Thick Woollen Jersey 2 3 2 1 1 2 2 2 2 2 1

Sledging Anorak 1 1 1 1 1 1 1 1

Scarf I - li.1 1..

Cotton Pyjama Top - -

Lower Trunk

Short Woollen Underpants I - i 1 - ! i 1 -

Long Woollen Underpants 1 I I I 1 1 - 1 2 1 !
Battledress Trousers I ! I 1 1 1 1 1 1 1

Windproof T-rousers I

Cotton Py!ama Bottom - - 1 -_____ __- - - -

CIO Values 2.39 2.64 2.76 2.47 2.48 2.33
2..42 2.39 2.34 2.14: 2.56 2.36

Table VII (ha) Clo Values of Assemblies Tested at I Tzight-Patterson

Air Force Base, U.S.A.
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H IP 2B 3B 4B' 5B 6B 7B P oh 9B 10B 11B 12B
Hands

Silk Gloves - - 1 - -. . . . . . .

Woollen Inner Gloves - -I - 1 1 . . . . . .

Heavy Duty Gloves 1 1 1 -- 1 1 1

Woollen Uristlets - - 1 . . . . . .

Duffle Inner Gloves . . . . 1

Woollen Nitts- i- - - -- - - -

Ski Leather Gloves - . . . .

FeetShort Woollen Socks 2 2 2 2 1 2 2 2 2 1 2

Plastic Insoles 1 - 1 1 - - - 1 - 1

Felt Insoles - - - I - - .

Duffle Slippers - - I - 2 - 1 1 - - -

Moccasins - - 1 - 1 - - - 1 -

Mukluk Duffle Outers - 1 I 1 - - 1 - 1

Mukluk Duffle Inners - 1 - - 1 - 1 - i

Mukluks - 1 - i 1 1 - - -

Ski Boots 1 . i -

Head I
Balaclhva 1 1 1 - 1 - 1
Fur Hat - .. .. . . 1 -

String Vest 1 1 1 1 1 1 1 1 1 1 1

Woollen Vest 1 - - 1 1 - - 1 1 1 1

Woollen Shirt 1 1 1 - 1 1 1 1 1 - 1
Thick Woollen Jersey - 1 I 1 - I I - 1 1 1

Sledging Anorak

Scarf - - - - 1 1 - - -

Cotton Pyjama Top ... . . .. . . .. . ... . . . -

Lower Trunk

Short Woollen Underpants 1 - 1 1 1 - 1 1 1 1 1 -

Long Woollen Underpants - ! - - 1 - - 1 - 1
Battledress Trousers 1 1 1 1 - 1 1 1 1 1 1

Windproof Trousers !1 1 1 1 1 1 - 1 1

Cotton Pyjama Bottom .. . - _- - "

Clo Values 1.78 1.64 1.90 1.94 1.6 1.7
1.96 1.9 1.68 1.9$ 1.36 2.33

Table VII (lb) Clo Values of Assemblies Tested at Wright-Patterson

Air Force Base, U.S.A.
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voroge o ve r'go Av rcgc
Asseobly Suject Clo i:mtl Wind Vind Chill

(cc) (0>/oc) (Kc.:1/m 2 /hr)

11 8 2 2.39 (+o.00) -31.4 5.4 1822

22.. 5 2.42 (2L.0o1) -26.0 5.8 1628

31 i 2.61 (1002) -20o9 1.3 1108

4" 239 (0o01) -31-4 5°4 1822

5f 2 2,76 (+0 IO5) -26.7 2.3 1390

621 12 2.3, (.10.02) -22.4 4.4 1497

7 4 2.47 (+o.08) --30o3 7.2 1904

8.. 9 2 2.14 (+0.01) -30.3 7.2 1904

91 6 2. %8 (+0°05) -27.5 5.3 1680

101 3 2,56 (+0o07) -28,2 6.2 1794

111 10 2.33 (+005) -27.1 2.2 1387

121 7 2.36 (+ 0,,) -24.1 4.5 1299

IB 8 1,78 (10.15) - 7.5 3.9 846

2B 5 1.96 (210.01) -- 8°3 9.0 1299

3B 1 1o64 (o0°02) -16o6 1.6 1066

43 1 1.90 (+0.06) -11.0 7.7 1342

5B 2 1,90 (+0.03) -17.2 5.2 1408

6B 12 1.68 (+0.03) -12.5 0 475

72 4 1 +40.06) -16.6 1.6 1066

8B 9 1.96 0 0.04) - 3.9 3.9 950

9B 6 1.60 (-0 04) -15.3 6.2 1407

l0B 3 1.36 (+0.2) -20,,9 0 555

11B 10 1.70 (+0,01) 8 3 9.0 1299

12B 7 2.33 ('0.17) 16 6 1.6 950

T blc VII (2) To Cio V, lucos of the ,. siblies Tested 't the

I-right-Pý-tter-onf ir Fo:rco Bc'se viti thn. or" Tocrrtures.

7indspoods -nd 7oi~n Chill Va luc3 on the DI0s whon the Clothing

wca s -,Torn.

VII .6



TEhe avorago'-' va--lue of the asocem-blies in the ' _ I group ýýas 2.4

(SD- 0.16) and the- Fvcrage dlo valu;De of theo assembiies in.

the IB' group was 1.+~2D 0.21). It can be soeen- tha,-:t the

avero-,o difference betwý7een tlhe; -o- grups is 0.6 clo units, n

thi s gives .,n indication of the- difference in the insulation

of the miumnd minimum clothin,', ýssemblios whioL h wvere w-orn

by the men on Uh- cros3sing-

The--c t,-ble, ~nd th-. de,?ri4veod col ris show,- the- oonsidcrable

increase in thermaiEl insulation iJ u7fi by the wearing of l~ong

underpe-nts. This was well r--oogn'ýsud by the men during3 tho

~eeedtin 1 End reflected in - ee1 rarn widely publicised

at the tireo, and. sent by tbe meeb of the Advanodi Party on

first establishing wiireless coma,--unicati i.n er1ith T'he outside w'orld,

Having survived unusuE lly harsh cnvironmenti.lý. conditions during

thel first -;;inter, tuheýir first message ended 'LoDng Johns for Elver."

Layecr CoLunting"

The number of layers in each clothing asoembly wias counted

usling tne, followidng groupir is-

( 1) All gE rmenteý 1 layer

(2) 1Anorý- k 2 1 ' y-ers r 11 rcm-azininCg gernents 1 layer

(3) Anor'<V 2 l oyero w.-indproof trousers 2 layers; allreinn
gerl-eCnts 1 la7yer

(4) Ynorlak- 2 layces,ý long unde-rpr ate- 2 lavers all1 remaining
ga-.rments I1Fleyer

(5) Lnnorek 2 layers longI und'eIrpants- 2 layers, -.sIindproof
t ro u sco,-s 2 la-ers, all roemrinin.-~ gaermeýnts 1 1,'.ycr(

(6) An or,:k 2 layoers, long underpe:ntsý 2 layers, vindproof
trousers 2 lay,)ers, edves-t *2 layors-,, a11 remaining
grmeonts 1 laycr

(7) Anor~k 2 layers1 outer glove:s 2 lreyors,. a:ll rem-aining
g C' meonts 1 layer

(8) A no reA. 2 layers, eate-r gloves 2 layers1 lon,) unde rpants
2 layersý all rome iLning g.-r',arents 1 layer

For each group, theo re~re~ssio,-n of clo va-lue on 'tote 1 number

of layers' 1-as ealculated. Theý re~gression of col value on 'total

nurpbcr of layers' counmted as in grou-p '1' go7vo a cerrelation

coefficient r of 0.68. Asignifica-nt im~provoment in the
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corrolition was ýade when on out r- cnornk was counted as two

la~yers (gyna;~ 2) (r = 0.83). H1owever, thei b-<;t correlation

wý.as o~btr-in md -,,hon the totrcl numbeýr of layers' we,,re counted.

as in ,-roul,, (5)' (,:aorFk 2 la-rAwndproof trousers 2

layers, ion,- unopa 2 lay(,rs) ( 0 i.-uro VII (1)). In this

case the eorrrclF tic-n coe-fficie:nt was 0. 87 Lad the standard

error of esi:tcý -was 0. 15. This easthat in prodictia,ý,

the col vs luo of a a ssom~bly fror. the I totea1 number of layers

in the aseby( coeat-.d as in 5~u ) we would be correct

95%ý of thy. time inaoeji thr t tl-ie utia td vlue lies

within 0.2c of the aotual vs melu. Th6. roe press ion equation in

this case ws

C = 0-078L + 0.6

(who rC C = C1o VEluC Of assOEbly;ý

L tota-1 nui-b-.r of layers' in assembly)

T'he prclieminr ry ,nalysis 4*f the elothin,- doata was

carried out before thnsc col v lees er available, -nd the

outor anorak was counted Ls two layers because of the obvious

imp ortance eof the outer windproof laye-r in consorvin p, heat.

The results of this section confirrm- this first empirical

approach.

(3) -T0PK CAHPIPP.T OUT -`T R--.Fý i~-KTITUT-7h CFY ý'VI-TICN, HPýLDICIITE,

Sov..ra.l tests wearc carrie'd out at Fe rnborou':h usina,

their hcEt-:d iron maennikein. (iKerslAk 176.4) ý-ho mannikin

is divided Linto ei Fhteen scc tionG, each of w,-hich is controlled

so tha t the rol- tion bct Moon locF-1 surfa.ce teprtures and

local heat less is the same as tMt dc terrmined ex-;perimentally

on P hum-a subject whose Dorn askin tb-c:: erc-turc is 33 C.

The insulation of the elothino assermblies was determined

usin,,,- theic follo-;,,in.-: quation- -

I -c T S,-T 01 S dlo

II 0.18 (VII (3))
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where I Insulation of olothina assemblycl

Tverapc temereturc of clothiln ( 0c)

T, = '.veraeo skin tcmpere ture of nennikin (Oc)
:0

= Rete of heat loss from mannikin in Kcal/hr

S = Surfe'ce area of nannikin (1 )

1 clo 0. 18 0 C

KCEl /m2 /hr

This equation is dif-ferent from equation VII (1)

because in th- FP.rnboroueh tests, outside clothinp temperatures

were measured. However, the ambient ýir tempearature was also

measured end there was no significant difference in the

thermal insulations of the. assemblies tested when they were

calculated usinc equwition VII (1) -nd equation VII (3)

The insulation of the upper trunk, lower trunk, feet

and hand clothing was also calcalated for each assembly usin,

the sane foin .la -s ,•bovby but ,.ith the values referred to

the indivi dua l sections of the assembly. Tables VII (3) to

VII (6) pive the results of these tests. When calculatinn

the insulation of the tot, 1 assembly5 the heat loss from the

head was not included in the tot:l heat lose from the mannikin

(u)° This was reasonable because the unusually cold face of

the mannikin did not bhave, in the same way as that of a

human.

Clothin,; assembly 'Il was worn by subject number 10

on days when the temper turo was epproeimately -30 C and

the ••wind was approximately 9 n/see. The measured clo vElue

of the assemrbly was 1.4 olo. It was tested at windspeeds

of 2 n/sec end 4 n/see, and there was no si-nificant difference

in the totEl insulation under the two conditons. It was also

tested with a windspeed of ,! m/s/cc end with the anorak waist

draw strina undone and with the hood down. This did not

si-nifi cantly chan.re the insulation of the whole assembly,

but the insulation of the upper trunk decreased by 0.5 clo

units when the enorek hood was down and the draw string was

undone.
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It was not possible to obtein greater windspeeds

because of the fixed temperature of the wind chamber for

each individual test. This temperature could not be altered

because of the necessity of keeping the average skin temp-

erature of the heated mannikin at approximately 33 C to

ensnare that it behaved in the same way as a thermally

comfortable human subject.

Clothing3 assembly I'' was the same as clothing assembly

'3' with en additional down jacket and an additional pair

of down trousers. The increase in insulation due tb this

chanoe vas 1.3 cle. The insulation of the upper trunk

clothing increased by 2.0 clo and that of the lower trunk

cdl ,ing 1-y 1.8 clo. Assembly '41 was worn in temperatures

of -50"G to -60°C. (see Section X)

It is obvious from these results that the hands were

. otected than all other pdrts of the body.
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Clothing worn oný-

Hands

1 pair woollen mitts

1 pair heavy duty gloves

Feet

2 pairs short woollen socks

2 pairs duffle slippers

I pair moccasins

1 prir plastic insoles

Head

1 balac lava

Upper Trunk

1 string vest

1 woollen shirt

1 thick woollen jersey

1 sledging rnor-k

Lower Trunk

1 pair short underpcnts

1 pcir battledross trousers

1 pair windproof trousers

(1) The shirt was worn back to front

(2) One side of th;• anorak wis unpickzd -nd sewn up agcin
when it was on the dummy

(3) The anorý:k draw string was done up

(4) The Enor;ik hood was up

(5) Heat losses from 1he bead were omitted in calculating the
the insulation of the total assembly

Insulation of totPl assembly = 1.4 clO

Insulttion of upper trunk clothing = o.- clo

Insulation of lower trunk clothing = 1.6 clo

Insulation of hfand clothing = 0.5 ole

Insulation of foot clothing = 1.4 CIo

Table VII (3) Clothing Assembly 'ti Tested at Farnborough
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Clothing w-orn on:.-

H'ands

1 pCir woollen mitt3

1 pair heavy duty gloves

Feet

2 peirs short i:oollen socks

2 p:irs duffle Slippers

i pair moccasins

1 peir plastic insoles

1 balaclava

UJpoer Trunk

I string vest

1 wvoollen shirt

1 thick w ioollen jersey

1 sledging anor:'k

1 down jacket

1 scrf

Lwewer Trunk

1 pair short underpants

1 pe.ir battledress trousers

1 pair windproof trousers

(1) The shirt was worn back to front

(2) One sioe of the rnorek as unpicked ,nd swen up agrin wrhen

it wlas on the dummy

(3) The anorrk drawr strin, was done up

(4) The :norr-k hood w.-rs up

(5) To fit the dow-n jacket on the ma nnikin, it wee put on back
to front

(6) Hect losses from the head -ocro omitted in calculating the
insulation of th, totl aesebly

Insulation of tot; 1 assembly = 2.7 clo

Insulation of upper trunk clothing = 2.7 clo

Insulation of lowver trunk clothing = 2.3 clo

Insulation of hend clothing = 0.7 clo

Insulation of foot clothing = 2.8 clo

Table VII (4) Clothing Assumbly '2! Tested at Farnboroulih
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Clothiing --,orn on,,-

1 pa-ir 'c7ollen -,,i _tts

I p-ir hea.ývy duty gloves

2 pa~irs short -. 00le ocks

2 psr:dufflc slippers

1 iE..ir mioccasins

1 pair plastic inmolos

Heed

1 bElaclava.

Ilpeer Trunl:

1 strine vest

1 -'-.olilen shirt

2 thick, w.oolieni jerselys

1 sledg~ing anorEk

LOvze7Cr Trunk

1 pa7ir short underpants

1 p-ir long underpents

1 prir -,:indproof trousers

1 pair brlttlcdreosý trousers

(1) The shirt ,-,as w;orn back to fT-ont

(2) One side of the anorck wias unpicked -nd. sewn up ag~in wThen
it ason the. dumimy

(3) The cnor, li hood .:!a up

(4) The o r drk.. string ;-vms dons up

(5) Zoest losses_ fror toe hcead er o~mitted in calculating the
in~lainof t"_ te-r 1 assem.bly

Insulatý'sn e"totr 1 as -cea-bly =1.8 dlo

Ihsulcetion of ups'trunk clothing- 2.2 col

Insula-1tion of lowcr trunk clothing =2.1 col

Insula-tion of hzend clo~thin:gt 0.5 clo

Insulation of foot clothing = 2.0 col

Ta~ble VII (-5) Clthin-, Yl-mly3 Tesqted_' t Fanboroug,,
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Clothing rornc-

Hands

1 pair wolemitts

1 pe.ir heavy duty gloves

Fecet

2 pcirs short woollen ,;ocks

2 pairs duffilc slippcero-

1 p~i-r noccaslins

1 pair plastic inscies

Head

1 balaclcavo,

Upncr Trunk

1 str~ing vest

1 woollen shirt

2 thick wolnjerseys

1 slcdging anorek

I dol.xJn jacket

1 pa-ir short underp,-<nts

1 pLir long underp;_nts

1 pair windproof trouse-rs

1 pa-ir battledress t-rousers

1 pa-ir dowý,n trouscrss

(1) rhe shirt wn"s worn ba-ck to front

(2) One side of t~h,- --nor~k was unpioko-d ad, sewn up ag, in when
it was3 on the dumm-,y

(3) The anorrk dorstrinC rir done up

(4) The anor-I: hood woo-, up

(5) Dow,,IIn trouse.,s wý,orn on top of w--i-ndproof trousers

(6) Dow,,n ja-cke-t w..or2n bo,- -I' front on top of windproof enor,.k

(7) 111--t losses- from th 1 -o'd wierl. omittod in calculating the
insula~tion of the totý, 1 soQembly

Insule--tion of tot 1l assembly = 3.1 col

Insulo,.tion of uppoor trunkI clothing = 4.2 clo

Insula:-tion of lower trunk cloth-ing = 3.9 dlo

insulation of haýnd clothing 0.7 dlo

Ins-ula.tion of foot clothing = 2.1 dlo

Table VII (6) Clothing '4smb 1j Tcsted. at Farnboroug~h
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(4)0 COPATSY ý'BALTT3- FP.O>i 2FARTNBOROUGH r-I ITH THOSiE FROH

TFTIý 2RIGHT-PA',T'E!-SCY -lIP- 2ORC` BSE

C"om;Daring tLi e do vi ices of aýsseimblies tested at F1icru

wýith those tested ait the 77ric~ht-P-Attorson -Air Force, Ba-se, It

c~ n be scen the;-t therej arc differences between then... INTo t -vo

asee'embliie tcotcd -t both pie7ces we.Tre identica-l, but certaýin

compa~risons c,-n be made.

Conipare clothing .eesc ~biy (5)tested -t the Wrisht-

Paýtterson A.ir Force Bc~s -o vth asbsembly Ilt tested cIt Farnborough.

The clothing worn on the heed and lowevr trunk wias the sanc> wn

c~oasserrbly. Ln P,. p of ,-,oollon socks ,7-swoni

assembiy 1lit but this wees b,- lanced by a pa.-ir of mukluk dul-Cfie

Outer is' (5B). Clothing asoembiy Ilt el1se hc-id -n ex.ýtra paýir of

hea,-vy- duty, ffioves -nd an oextre- shirt. In, t'ter words, aithough

ciothing '1soc~iblo 1711 consistedc of meýare clothing~ th~n clothing

assembly (5--3), the mi-ea-sured 010) vclue: of assemibly Ilt (1-4 010)
la iess thn the t of assembly -T B(. oe

ATsimilar compriso-n cell Oc i-maýde with clothing assembly

t1' a-nd clothing assembly (8B3).

Comp-re, clothi4ng a-ssembly,7 '3' tested rt >arnborough with

oo 1ýt h-jii r . emorb y (1 1) teste-d t ti -6h i 1right-Pe-.ttcarson Air IForce

BEase The upper trunk -nd the lolw'er trunk: clothing w7LS identical.

A ha'-t was included5 in aýssemoibly (h)as opkeosod to , be-,laclava

in e zý,r-biy '3'. .In exýtr-a oiD 'r or f -riotli-ts was included on

the hi-nds in a-ssembly (11A0 ýnc also -n ex-tra, pe,-ir of short

so~cis w0,s worn in this Hs:o-ly.11iwvcir, thi 4 lgh Sito

in clothin,: in ,-ese-bly (1L) doe-s not explE'in thc differe~nce

in cia v.-lucs. (CeacaýObly llj'i wee7, 0-53 ole grca ter the-n aassembly

131)

Despite t-he differ-ence b-e~tween the g7roups9 the re3su*lts

from the. two sources can be used for oomparisons wvithin the

t~wo separa~te g-roups. The differences are discussed further

in Section x-.
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VIII C0 1'UP T R 1, L Y O, F 9 0 F D A T A

(!) TZ(XFF I iQUFOSOF CO],iPUT7• }NLYt

The computer analysis, was performed on an ICL System

4-70 machine. This machine has a, core of 448 K, 8 bit bytes

= 210) of 1,,,, sec cycle time, and is oriented for mul iaccesso

The data vwaýs stored on replaceable disc -with a epciap Lay of
7 megabytes and a speed of 156 kilobytes/second and on a magnetic

tope with a capacity of 20 megabytes and a speed of 60 kilobytes/

second. Phe programs were compiled by the Fortran Compiller of

the ICL J-Opera ting System, end they were written in J-Level

Fortran which is a version of FortrEn TVo

Pre aretion of Data for Computer

The following data was coded onto computer cards for each

man for each day of the ecpeditionu-

(1) Serial number of man

(2) Date

(3) Week number

(4) Yihcthcr working outdoors or not

(5) Baso (gocgr,-,phical)

(6) Activity of man

(7) Ciothing 1.o=n on head

(8) Clothinýn orn on upper trunk

(9) Clothin; w orn on feet

(10) Clothiny w..orn on lowvar trunk

(11) Clothing w7orn on hands

If the cnn w.as wt.orking indoors, his clothing assembly was

not recorded. One column of the computer card was reserved for

each article of clothing. Table VIII (1) gives a detailed

description of the data on the card° The following codes were

used for the bases.-

(1) Shackleton

(2) Scott Base

(3) eou't- Ice

(4) South Pole

(5) Halley B-y

(6) On Crossing
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The actiVity of theý nonýI I on r-nked into five differe:nt groups.

(-Dudd 1l166)
( 1) S ei0'P Ing 1.2 K'~ c mm1 -1i

(2) S it t-i n 1 .ý iKcal/min

(3) L i t ar0rk 3.2 Ker l/nmn

4) iuri rk 5 ,6 Kcal/mimn

(5) V,- -'rc v0. ark- 1 a 1/mi in

EThcr.mples of t'he a--bove groups are given, in the iDate, Sec tion (V (6))

The weather data 1,Oalso code-d onto comp:uter cards, and

this ersdivided, into,.-

Wea,-Pther Et iýhacklcleton Bese

YWe:-ther at South Ice Blase

`7 Eather on -the Crossing

For ecch division, the :2olloý-eing data, -enITs coded onto computer

cards, one for each day's ane-

(i) B&ase ( C6 rphical1)

(2) ceek nurn b ur

(3) Date

(4) T emp e ra-t ure ( OC)

( 6) W.ind chill (i1conl/rf 2/-,r)

(7) Atiti-udc (metresý)

(8) Cloud cover in eighths

(W) :Dr if t

eýecausce of the difficult- of handlinr s3uch a, large emount

of date; on eom--uter ca~rds l, the da~ta vvrc. trcrisforred onto magnetic

disc and necgnotic tape. ý direct, acces-s -file wacs therefore set

up on magnetic disc for each mei-,ber of the expedition, contaýining

al'l that man's clothinq end activit-r data. h.Leunwhile, weather

data vi-ra transferred onte -,agnetic tEpne.
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1 -2 S ]ri1 lumber of M.'an (Intcoger)
3 -4 'o1u r(Intcgor')
5- 6 y (n t,
7 11- n Lot h ( In ,c , r)

9 -10Ye 'r (Imtc ecr)
11 Bc sc ry

12 ~ 7~•Outdoors or not-,
1 Indoors 0 Outdoors

13 - 21 RBcorv c
22 Code for Gco3'-r'pilBsc (Intagor)

2 3 -29ý eerv c
30 Codc. for Aciiy (In teger)

Clothin,-z Dcute 31 Bc 1,-,.vC
32 H t
33 Týcorc

10ýatla en tcrc;d 34 E lr -j.u ffe
or1, 35 3lizznýrd -':.sk

no1!or0 36 P serýve;

38 P serve
N-on39 Nyrlon Pile. A'norek

0 = .- run not 40 1 erte--x Veeýt
v;o rn 41 V4 o100l'n Vest

42 Sjtrin6 Vest
43 Shir-t
44 J-ersey
45 InneGr ."nor' k
46 Oute.r !Anorcdo
47 S 1 cdg i n ' ' n or:k
48 Do',-iz J --c ý t
49 Pyj= Jac kot
5(' Ový' r- 1k
51 -, 0- oo1n S oc k s
52 Plf. tio In1scoes
53 Dufilo Slippers
54 J Iiiolul: Duj -Ple- Inne,-rs
55 1,iukluk iDuf'l'c, Out ýrs
56 Ski !ot~ers 3cc to
57 7 inklo"ý
58 RboLD r Docts
5S Kocce 5ins
60r Sc, 1 wain6

61 Short 7ndorpants
62 LonCe UndT rpents
63 B-- ttl-doIL ;ý Trouec;,-rs
64 7 in d proc.-'L T i - us--ec:re,
65 Dovm~ Tr o ' rS-0
66 P yj n'r 2r ous crs
67 Nlylon Pii(: Troose s-'
68 Holnit
69 ý.-r~Goes1iP Gloves
70 -'2Litl1ýýt'
71 Silk'Gloie;ý
72 c-7oill a Inne-r Glove'-s
73 Duffle, In---ir Gloves
74 11c V." Duty GuloveIs
75 3ki L ,ti ir Glo)v,,

76 -80 B srv,

Tfebleý VIII Li)Computer C-rd.Ci dn fo ltin n. Lctivity

D:Ptc
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It wias then 10sbeto ~fin:- for cany ric n' s olo.thirie-. recordl

(on magnetic disc) the correspondling; day's v wcth-er dataj.on

rlaGnetic tape),

The ,-.eight c-nd fa-t t~hickneos3 records for the-ý t,-elva men

weealso coded onto computer cards.

(2) P 3,C) i4 ý-c p'TFO 1 1-UTTTP;TLIZR ,iS7

The multiple linear regrcscion program consisted of a main

routine,~ a data input sub-routine znd fou-7 cub-routines, f rem

the I Bi.K 3ystem/360 Scientific Sub-ro-utine Package (Version TII)

The four sub-routins aer.-

Cerre -calculates mean,,, otnd deviations a:nd correlations.

Order -choooes dependeont vrnricable and a, subset of
indepwcnrn t vc.riables from E, larger sot of varicbles.

1:1inv -inverts correlation trxof tho subset selected by
order.

A'ultr -computes the re nession coefficients.

The sub--routinie Corre wao modified to accept missing records

and calculate the correct means and stendard deviations for thc

moaifiud Wtat.

Lash set of clothing records for the twelve mein nras- stored

on d~iffe.cnt direct access data sets on, disc, ;nd the weather

records werc stored on magnetic tape. The main routine read

the data ca-rds vhiob sptc Aifiod vhich man's clothing records"

wore to be read from th disc, r a.. whichi variable was the

5ciapendent variable7, 0nd I,,ohiccra thc indopendent variables

in the- multiplnri r i an: 1,si~s It theni called the sub-

routines to calculate, th&_ lrncann th, s3tandard deviationsý simple

and multiple, correlr- tion coeff~icientsrgeso coefficients,,

t-values e-nd the an; lysis of va-rince. f~or the multiple rogressiori,

and printed out the resýults.

The datea input sub--routine was cal led 'by Cerre wrhich requires

one record of depe~ndent a,_nd independe.nt variables at a. time.

i~e. one day's wahrand the corresponding clothing wrorn by

one man.0
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Tlacsc variables weTrf obta inrŽd fromc disc a~nd rimxno tic tEape

bo-,7 the da ta input s ub-ro atine , -nd stored in on array ]D.

The data- in,-aut sýub--routine r--ad heclothianl data record for one

day1- f-ron'- the' specified da-te se(-t on disc, End thce w~oe. thcr data

for one dayý from anei tape. IfL there -ac-re no mavcrther

records for acrt aJ- day)7 the, follow'ing- dey' s olothinp, and

a*.rathr rrcrds wxo >ad

The0 ub --- u-t-. coP: eked that the wthrrecord n rd theý

lothirr'', -- cc dv~ rý- for the som day- a: ad fo r the- same ba se

if' thL-- S iiere n,,tI i t printed out ýn error me,,ssage End theý

progrL~r storeld"

Ench clothný! r a aoru on -o conta~ined the informa-tion in

F igur-, TT 1T (I) E-n0 d each vma ther record1 on riagaetic otepe

containe-d th- irf or~ ia,,-n l1 4t ona V ITI,2.

Far ecd aCr-ot eithcr 11 or' ?Q0 vic-. entered in the.-

record. (l if ti- F-rmnt a a as -arrn on the. deay and 0 if not

worn) "or :1 11 gaLrl-ent; ii. hih wIere to be counted - s twvo in-jors,

the relc-1. --at nar-bo-r in~ record ,was multiplied by t-,-!o

The garnocnte -w-hich w,,~ri- counte~d as- t-7-o laE.Yers morel-

nyl~on pile .-nora k. sledjcý,nn anorakI;- down jacket,, long drawers:

windproof trouse,.,rs,, down trouse~rs a.nd nylon Icue- trousers.

Thu num--be-r of la orr n h upoe--r trunk, lower trunkc, feet

a-nd ha andsc wor calculated, a~d a-iso th e- total number of layers'

on the"- body-. (inoludini; the hea:d)

The nece-acaEr-r vz riEbles. wefre then stored in the array D an -

returned to the sub-routinec Corre. These w-ere. -

D (2) = rind (knots)/

D (3') =~ -- in chill (Keal/n-,2/ r)

D (4) =Altitude (meltres,)
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D (7) e s erv e

D (8) IT ur-b-r of 1s 7ers on, upc ,r trunk

D 5 7,dbs1 r o- lors on foet

D (1~ 10) of 1 1r oi-io trunk

D (11") 01 nb ur- bý 1 -,-I- on h- hndo-

)(12 Tot, 1 rP1-3 of' 1L-or includin- numbe-r of i-Lyers on

D ( 13) JTumbýi of de- I,- fro)- st datc of Jýrticular p-eriod of

D (14) = loud coýr

P) ( 15) = Drif t

(3)~~ 1-,LTI O7 CLTIIC DJDATA

sigthoe ICL SyTstem -* u, full .nal,,.ysi ;cIas

carried out on the olothinoý dat0 - to d jsoc7eri --

(a) T7 :eti.earl tionship erxistcd be:tvz.ecn clims tic stress end
the olothins r r~ n i O on -<:hat vo-riFbles the cloth Iji ng

v:orn dcp, rdcd.

(b) 71hlv the. clothl no. \ocried f'rom ono iindividual to -nother

under 51 11 dlltion,.ý)

(c) Týhother c 's ny c~vjoenoe of: acclieici.tization to cold.

Lna-I-rsis of 'I~iniine

T-e clothin,ý uo.c ,-2r 1-l a t=u Au' ecmined for

Sif >oncoc:- c ~ lot'I; c r on 6ucceossive days by the

saE 0 E,.U9 nd"or d1 10i~. cncc bc Kv.een th- cloth-ing vern onl the

sure dn, b u.f-virL, v, ýi tv a ± tor cnaslycis of

vari flo j/ t' ¶ý I thc lbotweon dayc:ý

diff lnocnc) (*S1edocor & Cochr~n 1)67)
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Differences Be ,'een `,en DurinZi the Crossing

To investigate the difference in clothing worn by the men,

the ,fe;ther on the cro~sine; 7s divided into three categories,

as follows..-

Tenper, te' ,'ind Range

_Iediui. conditions 00C ts -100C -0 to 3 n/soc

±iediuis S-everc -e0°C to -20°C to
Conditions -

Severe Conditions -20°C to -30 C 9 to 13 ms/ec

A day wsa picked out which satisfied each wecther condition9

and the 'totcl number of iayei'o of clothing was counted for

each man for thaýt da.yo The .-reight end fat thickness of each man

was taken c-, the measurement made nearest to the date chosen.

A nultiple regrawssion analysis was carried out for one day

in each category with 'tet l num:ber of layers' worn on any one

daoy as the dependent veriable end w,-ith L, combination ofi-

(1) A"ý'

(2) !'eight

(3) ':ecn fa-t thicknese•

(4) Siurf, ce area

(5) ie'tivity

(6) !eight

as the independent variableso As surfnce are, is a function of

height and wcight, it can only be used La an independent variable

in the regression analysis when height nd weight ore not

included.

The avc'rse- value of the 'total number of layers' for the

w.-,,hole period of the crossing was calculated for each man.

Sinilar r-aulti 1 re rcýrý ssion was carrieo cut 'with this averagC

value as. the dependent- vEriabl.
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Daily Changes in Clothing for Each _an During the Crossin•ad

at Base.

The results of the 'clo volue' enalysis carried out at the

Wright-Patters:n Air Force Base suggecte.d that in fact layer

counting was a reasonable technique to use. The 'layer counting

method' of obtrining ci estimate of the thermal insulation of

an assembly -as therefore still used for this analysis, but the

follo-,ing garments3 re counted. as t-.o layers6- outer and down

anoraks, long drawers, windproof trousers. (see Section VII)

Multiple regression analyýsis was carried out on the crossing

and base data with 'total number of layers' of clothing as the

dependent variable and the following as the independent variables,-

(1) Tempero ture

(2) '-Ti d.

(3) Activity

(4) Lltitude

(5) Cloud cover

(6) Drift

/,F.ind chill is a function of temperature and vdind. and the

analysis was carried out both with 7,ind chill as an independent

variable (omitting temperature end 7,wind) and with temperature

and wind. as independent variables. (omitting wind chill)

Similar multiple regression analyses were performed with

number of 1k-yers on the hands, upper trunk, lower trunk and

feet En the dependent variables.

The 'Forw;ard Selection Process' was used to insert the

independent vwriables until the r~greseion equation was satis-

factory. (Draper & Smith 1966)
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(4) IrGTJD F_~TTTNT2

The avorageo 'iean fat thickness ;_nd the average weight of

the, men was calculated for each month from ELoverIbor 15 6 until

February 1958. J,-,nuary 1-57 and October 1)57 ,ore omitted

because of lack of data, Sevwre l interpolated readings were

made to fill in eamaining g•.ps in the data., The readings for

the men - ere not all made on the same day of the month, so the

records have b-en divided into monthly periods, and on occasions

w~hen more than one set of data was avwilable, the average

reading for the month .-wras taken.

For the period of the crossin-c, November 24th until March

2nd, five ,-,eight records were made at the South Pole end four

records were made on arrival a.lt Scott Base. No fet thickness

records arc av:ilable for the crossing.,

The aims of the body weight and fý t thickness analyses were

to discover.-

(a) How body w,:feight and fat thickness changed in a cold
cnvironmento

(b) VWhich skinfold site was best suited to predict body weight
and whAt the relationship was.

The linear regressions of mean f, t thickness on temperature

and weight on temperatur- were calculated for each man for the

period at base. The linear rogressions of weight on mean fat
thickness, nd w'eight on fat thickness measured at each of the

five sites, wore also calculated for each men a.nd for each month.
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AVERAGE MONTHLY NUMBER OF LAYERS FOR TWELVE MEN,

TEMPERATURE AND WINDCHILL AT SHACKLETON BASE AND

FOR THE CROSSING.
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IX R3P U L T3

(1) CLOTHIG WTA COLLLCT7D AT BISE

Preliminary .nalysis

Figure IX (1) compares the group's avcragTe monthly

'totl, number of layers' with the temperrture ,nd wind chill

for the period at Shackloton Base. The 'tot 1 number of

layers' of clothinC for the men who spent the winter at

South Ice was not included in this a vcerage figure. (Note

that the tempýera ture scale has been inverted for comparison

reasons.) The Cgenoral impression from the graph is tha t

the 'totel number of layers' increased in proportion to the

toremer, ture f,11, without decreasing tha same amount when

the tempera ture rose aga in.

Figure IX (2) is a graph of avorc''ýc weekly 'totil

number of la yers' aZinst temper; ture for the men who

spent the vwinter t Shackleton >Dse. The regresnion line

is given by y = 13.7 - 0.14t (y - averme woekly 'total

number of layers'. t = temporature (°C)),the correlation

coefficient r = -0.82 is significant at the l/o level.

Comparison of Similar Environmental Periods

Below is a list of the temperature (°C), the windspeed

(in/sec and knots), the wind chill (Kcal/2 /hr) and the

average number of hours of sunshine a day from January to

November 1957 at Shackleton Base.

Honth Temp. ind 7.ind iind Chill Hours of Sunshine

( 0 C) (m/s ec) (knots) (Kcal/m 2/hr) (daily anveragýe)

January - 8.2 5.5 10.7 1160 10.1

February -11.8 5.5 10.7 1250 7.9

Harch -19.8 7.1 13.8 1570 3.1

"pril -21.1 7.0 13.6 1620 0.8

May -24.7 9.3 18.1 1800 0.0*

June -29.3 7.1 13.8 1910 0.0*

July -31.5 9.3 18.1 2040 0.0*

Alugust -37.5 8.5 16.5 2170 0.4

September -27.3 9.3 18.1 1890 o.6

October -24.7 5.2 10.1 1600 7.2

November -12.7 4,.1 7.9 1200 No record

* The sun was below the horizon from May to July.IXI
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Two pairs were chosen from the eleven months. April

was paired -writh Octo ber and January with November. The twote

months in each pair had similar conditions of windspoed .nd

temper-ture -nd cimilar wind chill figures. In pair 'I'

the number of hours of sunshine was greater in October than

in April, ,nd in pair 12' there wrc no sunshine -mncurencnt-

for November. The 'total number of layersl worn during the

individuw 1 months in esh pcir were compared.

Pa-ir ITo. Ton tLs Tot:l Number 7ind Chill
of Layers

April 16.5 1620

October 18.6 1600

2 January 13.9 1160

Fovemobcr 17.7 1200

In both pairo there was a significant increase (p:O.Cl)

in the Itot:1 number of lfyers' w!orn durinG the second month

over the first. The greater amount of sunshine in October

than in April (piir 1) adds to the ,ignificý-ncc 6f the result.

Comparison of Clothin orn by Ne; Arriva; with th: t r'orn

by M[embers of the 4d`v: nece Perty _ tý:ying On at Shackleton Base

The members of the Trans-Antarctic Expedition at Shackleton

Base from mid January 1957 onwards c: n bc considered, for a

short time at !eaod as consisting of two groups which

might stow differences in Eacclir-, tization to cold.

Group 1i1 cencistoel of those nen who had spent the first

winter at Sha•ckloton Dase under uiusually severe conditions

as members of the tdwence PFrty. (subjects 1, 2, 39 4 and 13)

Group '2' consisted of those men who had not spent the

first winter at Shackleton Baso and. who had. just arrived. in

comfort -board the ee".V. g Da-n. (subjects 5 to 12 and 14

to 16)
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The- no rcn i n 3 r-)u p ' 2'17 er ive o c-t S-1h a -klet on Easej(- o n

13 th Ja-nuary, 19579,7 end fe II l olthin(:, ruceorý-l rc avail able

f or th:ený-. Thce 'Daoc hut ;oonot ready' fojr irmdaococupation

,andI icon novcd ashorer for ci ;epinL ,.-n,- living purposes a7t the

ra~te of ono or t-o.o daove)r thc noa,-t vrock. Full clothingýj

ruoorJL5 arc v llefor group '1' from 20th Janua-ry 1957.

The clothin,- worn. by thD two gýroupe- of non living at tho

samo base undor the saecondLition;o was coripared' weý,ek by week

for thec next six wocko,, fron 20thl J:--nu: ry 1957 until 2ndL March

1957.

For ceach w-Tok the avrg tot.1 number of layers' for

orcok ran was ca.-lculýAtod. Tho vaTuos for the men in group Ill

were then cor-paredr- with th-ose for tho men in group 121.

In none of the six wee~ks was the~re found' to beý a significant

differe-nce bct-woecn the Itot-1 num--bor o)f 1leaycol~ worn by men

in group I1l a-nd nocn in group '2K. (t toot of d.ifference

bct,,.ccn twio indc pepndont ;'mlo 3noCdccor & Cochran 1967)

Comprisýron of Cloth'in.gD, Torn at Shack-luton BEase vvith th- t Wiorn

a~t South Ieo.

The non wore dividedl into twý-o groups for the puriol-

January to Octobur 1957.

Group Ill1' on -v:ho Ljocnt tho se-condL winter -t South Ioe

( thr( r i.,n)

Group '2' -T on wo ýý -nt the sec-ond witrAt Sh.ckleton

B3-o (nina .-cn)

The four R..Y -in (3UL>ýjiotsl3,44, 15 :-nd' 16) wore not

included in the ogroup2ý

Th-e 'total-. nui.]be-r of Ja~yers' wý,orn by the individlua-l icon

in the groups wasý ocri-parod. The mean 'tot,--1 num'.ber of layers'

for the men in group '1' was 192 (S.D. 1.3) an.! for group

'2' was 17..4 (SD. 1.6). Thorer w;as a significant differoce

betweenl theý two gr1oupL (p--0.01ý tha--t is- the men who spent the

w7"in teCr at South Tee- ;ore ignifieýntly moeclothing th-.n the
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mein at Shackleten laso. Qcona-larison of- the rhsotmp

orat ure c:nd' wind ýat th e tw-,o baseC.s shDwý,s tha t wea-.the r

conditions ornr seveýre at 5seuth Ice theIn at Shackle ton.

(Fig,,,ure~ IV (1) and PiLouro IV (2))

ITlaltiple iiere `i n 'n.,lysis of Clothing- e--nd Environr.,onta-.l

Dot,

,,or all the. twelvef n"on at bse,9 the correla-tion between

'total. number of la-yers' a.nd tcimeoýr. ture was be~ttor than

the co)rrelation between 'tota,-l number of laeyers' End w,,ind

chill.

Ta-ble IX (1) show,,,s the regýrescion equations for the

twelve men at base w.ith I tot; 1 number of layers' as the

independencit varia-ble.

The multiile re~greussion with ltotal1 numoebr of layers'

as the, dependent ye ria,-bler-nd tompeCr, tare, wind, activity

and drift cs the independent variables wTas cr.loulated for

each m~an. Temiper: tare, was a. si.nificant factor in all1 the

equaion N le ote ator w~as predominantly significant

for a~ll the men.
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Subject Coefficient Intercept

No. of Tcenperaturer (b)

(a)

1 -0.11 15.1

2 -0.04 14.5

3 -0.16 13.5

4 -0.06 16.5

5 -0.17 12.3

6 -0.13 16.6

7 -0.15 13.9

8 -0.10 15.3

9 -0.08 14.6

10 -o. 15 14.2

11 -0.17 15.3

12 -0.12 16.3

-Thore y = at + b

y = 'totsl numrber of layers' of clothing

t = temperat re 0C

Table IX (i) Relression of 'Total Number of Layers' on

Temperature for the Twelve hen at Base
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AVERAGE WEEKLY NUMBER OF LAYERS FOR 12 MEN ON
THE CROSSING
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Fig IX(3 WEEKS FROM START OF CROSSING



(2) I'LOT, IiThTA COL...CT... .T.IT..C TH7 CROSSING

Prolimina.ry Jnalcysis

Before using the clothims: records to find out whether

or not man acclimatizes to cold, it was necessary to

esteblish that the clothina did depend on the tempercturr.

The figures obtained from cll individuals in a, given

week wore avorCed end. ,rephs were drawn. These graphs

give a gsenera 1 icture of clothin:' changes for the whole

cgroup.

Fi gure iY (3) shows the average weekly wind chill

factor and the averae gweekly number of layers for the

whole -roup for the period of the crossing. The graph

shows that the averege •owe kly ttot 1 number of layers'

follows the genercl trend of the wind chill factor.

The number of la.yers on the lower trunk end feet

follows the wind chill figures better than those for the

upper trunk and hvnds. Evon so, the correlation coefficinnt

between wind chill cnd nuriber of layers of clothing is

sig3nific,7nt at he l'J level for ;l- four sections of the

body, ,nd also for the 'total nurb,,r of layers'.

(including head clothing) For the period of +.he crossing,

the number of layers on the upper trunk increased more than

those on any part of the body.

Table IX (2) gives the averaee number of layers for

the whole period of the croeeZsine' on each section of the

body for each jean. The average 'tt, 1 number of layers'

ranes from 16.4 to 20.8.

Figure I (4) compares the average we ekly 'totl number

of layers' with teermeture end the average weekly 'total

number of layer ,J -lith wind chill. The temperature scale

has been invc ted for coriparison purposes. During the last

week of the crossin,, clothing records are not available due

t- tec. - cn11 of si;,: members of the party, so that the

last value shown in Figure I,, (4) for the 'total
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COMPARISON OF AVERAGE TOTAL NUMBER OF LAYERS

WITH TEMPERATURE AND WINDCHILL FOR 12 MEN

FOR THE PERIOD OF THE CROSSING

*TEMPERATURE -- 30

22- -200-0/ • +

++

1- NO. OF LAES* Lu

1- z

1 1 +0

,.-J

-18
o ol- IO,,,, NDCHILL 0

Dt 0+
0,-/ \0/ -14c

Z O----NO. OF LAYERS 0

2 10 __

180 z

+ 
z18- /+- 6

16 - +- -

0 2 4 6 8 10 12 14 16
Fig IX(4) WEEKS FROM START OF CROSSING



IAiver•,,e Tumber of Lcycrs On

Subjec Average Upper Trun Louver Trunk Hands Feet

IYo. Tot I ,umbcerl

of Leyers

1f 19.7(11.5)* +. 6.6(11.4) 3.2(+0.5) 3.0(•0-4) 5.9(0.o.)

2 17.7(+2.3) 5.5(10.7) 3.4(-+0.7) 1.7(+08) 5-9(+1.0)

3 18.9(+2.2) 6.0(+-l.4) 3.6(-0.7) 1.8(+0-.7) 6.2(0..5)

1. o7(+-2.7 6.0(-o ) 0_3_( - 5;: ...
0_9) 3_6_ 0.6) 2-( . - )

5 17',(+2.8) 16.3(+-1.) 3.0(+o.3) 2.1(+0.5) 5.0(1.6)

6 20.o0(+3.0)- 6.1(+1.0) 3.9(+0C .,5) 2.3(+0..5) .5. 8 (+1.

7 17.2(+1.8)(o.S) 3.0(+0.2) 1-9(+1.o) 5.6(+0.8)

8 18.8(+2.5) 6-1(1-07) 3"7(0+-°0 1.8(10.4) 5.8(+0.9)

9 17-5(+2.3) ;5.8(102) 3.1(1-05) 1-8(1--8) 5.6(+1.0)

10 . 18.5(t2.0) 15.9(+0.7) J 3-7(+0.4) 2.2(+0,4) 5.7(+0"9)

11 20o8(14.o) 6.8(+-1.7) 3.0( 0.0) 3.3(+1.1) 5.3(+1.1)

12 16.,,(+2.8) 52.8((10) -.05) 1-4(10.6) 5.,(+1.4)

* The figures in brackets refer to the standard deviation of

the average number of layers.

Table IX (2) 1vcrae Number of Layers of Clothini: for the T-hole

Period of the Crossin,:
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num~ber- of la-yers' is obt ino-d fro,' the other six mcmbers

only,- nd is hi-k for thies reas,,on. By,, usc of theý repression

eqjue ti ons do:-, lt wi,,-th iin d-t- ii in - later see tion, the

number of la-yers of elothirip' w,,hieh the otherI six mem-,bers

could be :-xuctcd, to ho-ve-, w.orn wa,,ýs ca-lcula~ted.c rcd the. revised

vaýlue Pde-c -I to the- f-r~ieb (ohown-, by a- diffe'ront sy)mbol: a, blo-ck

squarer) The aemlto.coefficie~nt betwee, Cn the a-'verage

wee~ikly~ Itota~l numbe-r of l'-yers a.nd toreapcr-tur( ( r =--.ý 92)

is betterjt tha-n the oo -jr-LP tion betweeIon the vur: pawekl

!totol1 nur.mba-r of 1jyr drind chill ( r 0 -84)

Figure TX (5) is. C-r:P" of -cang doily I tot-. number

of lay,,ers' erg in'st tc so r ture * The., points wh-ich deviateD nest

fror, lh ine rep-f -it da;r ee,-tti: ns of the-ý. aczro.s-sing.

Theý regression of vr , d, dily I tot 1 numb .r of la-yers!

,.a -inst tomeenpýr tar, 1ý lyivon by y 15.2 -- OJ18t (y = avrage
0daily 'total. number of 1Dyc-rs', t teCrtr ) With. the

increý,-so-d number of dereaof f re-dore obta~ined by ta~king

the veaedolyA13 va~lue nsea of the; averoge ekly value,

the correlartion coe.ffic nt(r = -0.77) is still signifioa-,nt
luv- 1i L c jo n o~ ai.ve.r. goý d, ilIy 't o tal

nuraber of . rson w.,ind chill for theý salme period gives

F. lowe.rr co-rre-la-tion coefficient of (L52ý

22 a,.risen of Siiarnvi-jronmen-nt:_1 Periods

Compari~son of Sim~ilnr Weec--ks Durin- th.ý Cro~s ~lý

The, follo- isa'ý Table is a ho~t of theD tempe'ra-ture (Os)

th, :Tind--,peed (ra/aeý,c aýnd.:nco the in chill (Kcall/mn /hr)

-ad --hc cloud cever for th- fourt- en wesof the crossing0

(ITc-. Y or,-a we thý ý,'i-ro chill is not the, figure

obta.-ined from the vrc tueprwr tare- nd the- aver-; go: wind,

but tha.t obt med 'by avr 5 n the -idad chill values computed

from. theý te-mper:P, tu-re Lnand w,,in for ea--ch individual- da-.y of

the we k. Thace ta-o figUr,ý, IIr not ik ae)(Court 194-8)
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T7eeck Temp. Find V1i nd Wind Chill Cloud

1",o . C) (m/sec) (ot s (!iCcal/ m/hr-) Cover

1 7-74 6.6 12. 8 1160 5.2

2 6.1 3.5 6.8 0,;15 5.6

3 - 8.8 2,.6 5.1 847 2.7

4 -11.3 5.7 11.1 1250 7.4

5 -15.4 4.3 8.4 1237 1.4

6 -16.7 5.2 10.1 1393 2.1

7 --18-3 6.2 12.0 1371 3.6

8 -18ý.5 4.4 8.5 1375 5.2

"1 -26.3 5.2 9.-6525
10 -20.2 5.4 10.5 1707 5-1

11 -26.0 4.7 9ý1 1576 3.6

12 -26.4 2.9 c56 1375.0

13 -24.7 5.6 10.(3 1544 7.1

14 -23.8 5.6 10.9 1489 4.7

Inl order to -ll-o7vTr time for posLeible, mooclima-tizn-tiona to

ta-ke plecc -nd be -rafleotcd in oh~nge in olothings worn,

the p: irs of awae hould bc ~fr pr in time ns possible,

idcenily one fron the; b;edi1nningý and ý,noth-er from the end of

the oro-ec-inS per-iod inechoi.

It weeý di'-fioult to find t-v.o -ee .Awth simila7r weu bhor

oonditions fer camjp an Len-,- purposes, but tlhre~c p; ire" wT ro-

ohos3 en. P- ir 1Ill 3 we 1 wihw :4; paýir 12! waswek

6 wi~mV12 -nc p, ir '3! wa.- :>, 8 withweel 12.

TheL tw.,,o we acompris-ing: cýcoh 1) ir h.va m e "widoill

figures, ralthouaj.!- t'he( tem'iper tur .a n wnd is not exaotly

Lh.s~a in ccacl- ah The, cloud cover f dee,-ý al,ý

not the sam in o--h i) ir, a' ltileu I, in the hid ai there

is only a ifrneof 0.2 in the, cloud coy-r fi ;ures.
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Numnber of Lý,zyors ("a
Pý,i~~~____ r4- c3 '7n hl U cd- o,. o

Puir~~~~~~~~ Lcck o -wn (hil UDr or 2Foct ienoTt o

(KcI 0 . /hir Trurk Trunk of Lr- yore

W 0 k- 1 1160 5.1 3.2 5.2 1.7 16.7
7"T ok 4 1250 5,4 3,3 5. 3 1.8 17.3

S6 13358 i4 55 2.0 17.7
-1 c- 12 1337 7.0 3.5 6.1 2,2 20.2

77 1k 8 1375 60 3,5 5.9 1.8 18.5
Weo,k 12 1337 7,0 3.5 f6.1 2.2 20.2

The abcvb teble g:ives the number of layers and. wind.

chill values for respective ]pairs of weeks

In cenoh onl.. thL- nurnber,-ý of 1Kycrc of clothing is the

:ver~o for theý -,.-ole Cro)up for throt ;e

Inl nubo 'I' thorn1 im 1!tn.o e ign ifiemnt co}•lgo in

the clothing -:orn froi- --,2-:k 1tc)Y

in nut'a 1li{C 2' thcr was signi fica:nt incronso.

from, 6 to wool 12 in the 1 ycrc wora on tho upper trunk,

C-n- in the' totr-] 1 mui-nbcr of 1 yors. I(pf• 0.01) There wcs non)

oignifiowet chn~fg: in tho numb. r of legeyýr3 >:,orn on theý lowe-ir

te.,feet :r. the hands,

Exacotly the, sane nbswrvnt-j.*ýn is true for pa-ir- -nunbe r '3'.
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GRAPH OF AVERAGE TOTAL NUMBER OF LAYERS

AGAINST NUMBER OF DAYS FROM THE START OF

THE CROSSING FOR DAYS IN 7 WINDCHILL RANGES
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Conp7orison of Sirei17ýr D:-ges Duringý7 thc Crocssing

T'-e daf7- -ý-cre 11 rtt, f to sevon groups, aooording to the

wind chill figure for thel de-y.

Rind Cili in N~e- Io. o-f Logsy in Grou

Group 711100 to 11I)) 7

Group ý72 12200 t o 129) 4
Group 73 130t 3914

G r oup. TWV4 14n0 to. 1499 .14

Group -75 150C to 1599 9

Grup- ý 61600 to 1 6,-) 6

Group 7ý17 1700 to0 1799 9

Lags with wind 01hi11 bel-,ow., 1100 -nd -rbov_ 1800 wore, not includod.

The0 daýyo vwere elsa-ý divided into cix groups -cccrdino, to the

tem-,per2tore for the(ý dog.

Tcimocr turc in Nhg;- Io. of D-ys in Group

Group) T 1 13 0C to -1 5 .90  5

Group ' 2 -16 0 C to -18.9 18

Gro.up T 3  -190C to -21.90C 8

G rouLp T4 -220C to -24.90C 8

Group T5 -250C to -27.)0 C8

Group T 6  -28oC to -3059 C 7

Page,- vith tem-nper ture -,bove; -16 C and bel ea), -30.9) C wo reo

om-itte~d. The. totol! numiber of legeYýrol -,orn by ea-ch iman on

dogys of similar .wind chill wrore thecn compar-d, nd likewise

the clothing worn on dogsy,- of 6im-ile r tempe~rotureý looking,

of couree,,, for aý d~creaýsed clothing requireme-int with the

passageP of tUime- as e~vidence of colioiainto cold.

Rýind chill group `C3 ,nd teneeýrl tore group T 4 both conte-in

dogys sp:.ccd wecll o-p. :,t oveýr the w,,hole peUriod of the; crossing,
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GRAPH OF AVERAGE TOTAL NUMBER OF LAYERS

AGAINST NUMBER OF DAYS FROM THE START OF

THE CROSSING FOR DAYS IN 6 TEMPERATURE RANGES
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and have therefore bc.n tabulated. ll the proups are

also sho-::n in r phic ferm. (Fiurcs Lx (6) and I, (7))

Table I-, (3)mives the 'total number of layers' worn

by 71 the men en - ro Geys in wind chill < .rap 73. Subject

number 12 is mi;esina .ecause of' incomplete records. Of the

remaining eleven subjects, ten have increased the 'total

number of layers' oera from the first day to the last day

in the grcup°

Table IN (4) rives the totel .um.ber of cyors' wrorn

by all the men on the days. in tem-er,-ture Troe *

Subject number 12 is ag; in nissi-n because of incomplete

data. In this case• ei-iht out of cloven men have inoreased

the 'tot I murm-bcr of layers' a.crn from the first day to the

last day in the ru t,,o have rema-ined the same, "nd there

is a decrease of one la yer in one subject only.

The mrphs in Fi,.;urc Ic (6) show- the 'tot, I number of

layers' w eorn-:'inst time for et>, .ind chill 'roup, ýend

in each case there is an increase. The coefficient of

correlation beta; en the 'Itot, 1 number of l ycrs' and the

elapsed time in significant at th IV level for each group.

The grr phs for the tcmpereitre T'rouss 1 to T9

(Figure IX ( 7)) slimilaerly show,, eýn increase in the ' tot, 1

numbor of layers' of clothin_ !;orn with tirio, agein signif-

icant at the 1> level. The gn: phis for tempe r tarer

T5 ard T6 shea no significant increase in the number of

laycrs of clotina 'worn. These w-ero the lowest tenperz ture

,rou~s, oad in oil oases the su-jý-cts wcre already weering

the maximum :mount of clothin' that they ever wore. They

did not wear less clothin; under similar acether conditions

with the pasca-- of time,.
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]DayT Number

I i
ITO. 21 26 i3 3A, 5AI 04 50 52_ 707380 181

iK 16 16 18 19 20 19 20 21 21 20 21 121

2 18 18 16 16 16 16 18 17 17 17 21 20 21 21

3 171 1818 18 1 17 18 1 14 14 15 15 i 211818

4 18 1c I i"; 18 18 )1 21 19 19 20 23 23 22 23

5 16 14 16 16 16 16 17 17 17 17 23 20

6 18 18 18 2020 20121 _ 21 21 21 23 23 23 23

7 18 1816 16 18 18) 18 18 18 18 16 16 18 18

8 17 17 I- - 13 18 19 12 1 15(- 21 21 22 22

9 16 15 17 17,117 17 18 16 16 16 22 21 19 19,
I I

10 16 16 18 1 8 18 19 19 1c, 23 21 21 21

11 - 17~ 17 17 1617 191 1 1919 15ý- 25 25

Table IX (3) Total ,Tumber of Layfrc -•orn b, Each Man for Days

when the Wind Chill v7•as in the Ran:cc of 1300 to 13 9.9
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IDa-) Nturmbor

SUIDject i
No. 56 57 61 74 75 81 82 90

1 21 20 20 20 20 21 21 21

17 15 18 20 21 19 19 20

3 22 1i 20 21 21 18 18 22

S21 17 17 23 23 23 23 22

5 17 17 17 20 20 15 - 16

6 22 21 21 21 23 23 23

7 18 16 17 16 16 18 18 19

8 15 - - 21 21 22 22 22

9 16 17 17 21 21 19 19 20

10 19 1o 18 21 21 21 21 21

1i 1) 26 26 19 19 25 25 25

Table KI (4") !TotlI ,umber of La-yers Vlorn by Each Tian
for rwhe Tý-eet ,r 'as in the Lnce of -22 0 C to
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The Merits of Temperature as an Independent Variable over

that of Wind Chill

As wind chill is a function of temperature and wind,

(Figure VI (3)) the multiple regression with 'total number

of layers; as the dependent variable and temperature and

wind as the independent variables, was compared with the

regression of 'total number of layers' on wind chill alone.

For all the twelve men on the crossing, the variables temp-

erature ani wind taken together, gave a better correlation

than wind chill. However, temperature and wind taken together

did not give a significantly better correlation than temp-

erature alone. Table It (5) compares the correlation

coefficient for all the three regressions. The correlation

between number of layers and temperature was also better

than that between number of layers and wind chill for all

the other sections of the body.

It appears that temperature gave a better indication

than wind chill of the outside weather conditions, as

judged by the clothing worn. This could be because the men

wore highly windproof clothing, and on the crossing they

were often protected from tihe wind by the vehicles.

Table IX (6) shows tOe regression equations for the

twelve men on the crossing with 'total number of layers'

as the dependent variable, and temperature as the independent

variable.

Anlysis of Variance

Before undertaking the mpjor computation involved in

a multiple regression analysis of such a large volume of

data, a preliminary examination was made to test the

existence of differences justifying such analysis.

A 'Two Factor Analysis of Variance' was performed on

the 'total number of layers' of clothing for the period of

the crossing, to investigate whether or not a difference

Itx. I



S-ubject Ir r n
1 2 3

N.00

1 0.o35 0.39 0.1,-1 65

2 0.-54J 0.55 0-48 83

3 0.6 0.6 0.41l 110

4 0.4.8 0,- 49 0.43 83

5 0.58 0.5ý8 0.25 77

6 0.-74- 0.76 0.66 76

7 0.57 0.-59 0.1 Ir 110

8 0.81 10.81 0./o 101

9 0.66 0.66 0 -4l7 96

10 0.78 0.-79 0, 61 89

11 0.7 0.7 0.,r2 83

12 0. -1 491 0o.6Q 38

rI= Corrolation coefficient between

I total number o-f layero tl and

t orfip or, t ure.

r2= YLultiplc; correlation cccffic-ic-nt

.:ith Itots1 umreer of layers' as

dependent variablo C-nd tem-,pera:ture

End 7vind as inde--pendent variarbles.

r13  Correlation coofficient bectwe-!en

Itotal nwsbcr of l ayer S I and wvind

chill.

n unorof paired seto of data used.

(N.B. the si,,ns of the correlation coefficients

h.ave- been ignorud)

Table IX (5) C'orrelý-tion -Co-effLicients Between Toctl Num~ber of-

La-,reis -nd Teoon>r turc,, TotLal iu-umber of Layr End c-ýind and

T e mperaz.t u r o -,en To, sthor and Tots- 1 Nu-m,.ber of La7yers and '7ind

Chill,
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S uj cc t Coofficicnt IIn t rcept
IT"o. of Tr--.PcraturcŽ (b

1-0.06 19.6

2 -0.15 16.2

3 I -0-17 16.3

7--0.20 17.3

5-0.27 12.8

6 -0.28 20-7

7 -0.16 15.0

8 -0. 29 143

9 -0.2r, 18.5

10 -0.21 15.9

11 I -0.34 15.5

12 -0.21 15.0

L" rG at + b

y = tot. 1 mu-ibcr of 1.-ye~rsl of cloth-inLg

t = >ecturc c

Ta~blc IX (6) Rog7roscicn of 'Totedl Yufabor of Layors' on

Tor.epopr-turo for the.- T-ezclvC lion on the-c CrossinPg

IX, 17



bo-tweeicn subjects co-nd - d~if-foronoc botwioon danys oxistod..

It was found. thaýt - iginifica-nt difference in the,: clothing

,.o-rn I b t-,T--o the- sub joots' I eaistod.9 ( p 0.01) and also

signif-ic-nt dif~ference in the clothing wo rn 'bctwcen theý

days' (p -. .0) The 'betweena da-,ys' diffecrnoc; and. tho

1'botwioer subjects' differenace wcor bith ýna-,ysod. in iac.:re

dot 'ii, -Icd the rcsults ,,'f thocs furthelr ana'lyses are in the

follor:Tin' cton

Difr rncc~ I Cltrn by tHeMn Durinc, the Cr~sing

T bi, IX (7i) gives the vrg va-lue- of the Itote 1

nul:bci )L laycro' orby echc~ na-ýcn for the w~hole pe~riod of

the cro,: sings ene in asccnd~inE ord~cr. It also gives

average v,-ueo of tl,- L, 'veightsq ',--ights, surface arc!es -nd.

nc,-n f-at thicknesse-s of theu twcýlve: raen. Thiore is no obvious

role tionship ,Dotvwee~n the avera'ge, 'tot' 1 nui--bor of laye~rs'

and. a-ny of th terfear v:-ri- ble-s.

Th1 o 'ubjcct wiAth the- higheost a~ve-rage-,,- 'noocn f -t thick-

ness' h.as IreP -tively large va.lue for theý a-vera-ge 'tota'l

nui-ber of la~yers' a.nd the, subject w~ithl the lowest 'aca~n

f,. t thickne~ss' has, a. rel'Atively low y: lui for the :.vor.ago

Itot-1 nuabo5r of la-yers.' Thi-s do--t. showsO no evidence, tha't

f.-tter no-n nc ad' lee-s clothing. Theo nultiple regression

a~na-lysis itha avera-ge ltote-l num~ber of layers' as thec depend--

eat va~ria~blc 7n,-' ýýg, weight, rican fa-t thicknOss, surface

area -ndL h-ci[gt !'sthe indopondent veibc~was al1so not

significant for any cf the cora-bina-tiens of independent

va1rirablcs which woetried.

Th, e te conditi:eno, deeivided. into.- three categ--

ories; 1--ior~diuiun severe -nd scve:re, Ind a, typicnl daly

picked. o-ut frorn each section.

For the- necdiun, conditions, th., rcgrossimo of 'total

nua~bur of 1-eve(re' on -,,eight, ;nd th, regreosi-n of 'total

nua-bor of laýyers' en surfa-ce area were significant at the,

5.level. 1Mc o~thoT'- c--.Ilinaltion of indcponaont varic..blos

IX. 18



Subject Averagc Yverag-e AvOrs-I g IIeight Average

No. Total No. -ijoan Fat ?oiGht Surface

of Layers 'Thickness Area

12 16.4 12.2 78.8 187.3 2.05

7 17.2 5.6 66.7 171.7 1.79

5 17.4 16.6 76.8 172.7 1.90

9 17.5 12.4 85.4 186.6 2.11

2 17.7 17.9 80.2 172.1 1.93

10 18.5 14.3 75-4 177.8 1.93

8 18.8 6.9 67.5 179.1 1.85

3 18.9 5.6 66.7 171.7 1.79

4 19.7 6.9 67-5 179.1 1.85

1 19.7 18.4 "0.5 18.,4.2 2.14

6 20.0 10.2 74.9 182.9 1.96

11 20.8 10.5 75.1 175.3 1.91

Table IX (7) Average 'Total Number of Layers,_l•an Fct

Thickness .7ceight, Heiglht -nd Surfco Area of Twelve Subjects

for th2 Period of the Crossing.
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gave a better regression equation.

For the medium severe conditions, the regression

with 'totcl number of layers' as the dependent variable

and fat thickness, height and vweight as independent

variables was significant at the 5ýP level.

For the severe conditions, the regression of 'total

number of layers' on activity was significant at the 5ýo

level.

However, the analysis has only been performed for

one day out of each of the different sections, so it is

difficult to draw any defiiate conclusions from these

results.

Miultiple Regression Anslysis of Clothing• and Environmental

Data

The relative importance of the independent variables

in the multiple regrcssion analysis for each individual

man was calculated using) the 'Forward Selection Procedure.'

The following independent variables were used in the

analysis -

(1) Tempereture

(2) Yin d

(3) Altitude

(4) Lctivity

(5) Cloud Cover

(6) Drift
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Tables L7 (8) to IX (12) give the significance of the

independent variables when•-

(I) 'Tot-1 number of layers is taken as the dependent

variable

(2) Number of layers on the uppcr trunk: is taken as the

dopcndant variable

(3) ITumber of lcayers on the lower trunk is taken as the

dependent vc rieblo

(4) Nueber of Iayers on the hands is taken as the dependent

variable

(5) Number of layers on the feet is token as the dependent

vy riable

Table IX (8) showvs tht when 'totr l number of layers'

was t-ken as the dependent v riL-ble, significant regression

equations werc c•lculatod for eleven out of the twolvw. men.

For these eleven monn temper: ture was - significant variable

in all the equations, :nd cloud cover was a significant

variable in nine out of the eleven oquations. Activity was

significant in six out of the eleven equations, but the sign

of the -ctivity coefficient was positive in all six cases.

This coasts some doubt on the v: lidity of the activity data

because one would expect 'tot 1 nurmber of layers' to

decrease as activity increase(!

Table IX (9) shows that whcn the number of layers on

the upper trunk was taken as the dependent vwriablu, all

tvjGlve rog;rossion e:u-,tiens were sienificent. Again temp-

erature and cloud cover were significant in the majority of

equations.

":hen the number of lvyers on the lower trunk was taken

as thQ. dependent variablc, ten out of tha twvelve regression

equations w7ere significant. In these ten equations, temp-

orE-ture ,.e-s signi[.icnt in eight of them, l.Ititude- was

signifioant in six, activity wa-s significant in seven ,nd

cloud cover was significnt in five. (Table IX (10))
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Subject 1Tempe ratur U1 d U 'tit ue "0 Ltivit " CiuA Drif t

No. Cover

N1 WSO .T- I3 IT. ':O N ifo .) 3 I.TF. S

2 S. ** NCO TOý T

(-v3) f __ (+Ve) (ve)

3T.ý .." 9 INO3 .0 IT . .

(-C)ve) (±ve)

(y) (±vC) (+vo) (±VO) (-ye)

5 NITS. 3~* . N0 3S.. IT .X SK

K (-ge) (c-;v

6 S.* IT.. 1KS i. N

(-ye) (+ve +), (+ivC)

9 S, TO. N0IT ~ * * IT.

(-ye) (-i-y) (±vc)ý +

10 'S ý*ý-, UILSb IT. N .. 3.T .MOO . F.S.

11 S.**~~~IT MS. * IT3 0 i 0

(-y.) -ye (ve) (i-ye)

12 S. S.*

(-Vý) +v,)(+VC) (±ve)

. = ii nfcLn (+v ir-inica t ~es sign of the

regression)

=Sig~nificant Et 5/- le~cvel

=Significant C t 1% level

Table- IX (8) Significance of-the I ndepcndcnt VJariablcs in tho

MvIulIt i pleC R c,-r C s Si on 1 d~gth I Tot,: I ITu-ieb,-r of LEayers I as

th D 1-.lc-d nt Vc-riable
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Subject Tcmp ora turc "'ind Iltitudt Activity Cloud Drif t

X o . Cover

____ __ _ __ __ __ (+vc,) _ _ _

______ (+VO) (±VO) _

3 IT. 30 0 . ITO3O -3. S.0

(-ye-) _ _ _ _ _j(+vc) - e

5 . S. 17 S. S IT.S.

(-ye.) (±VQ) (-ye) ______(+vc)

6 S. ** 3ý. ** IT. S. 's. '3oý** S.*

( -ye) (+VCI) (±vc) (+vo) (-ye)

7 Cý**IT 3.IT 'S .** N. S,0

(-ye) (-ye) (+vc)

8 S.* IT.3S. 170." JT* 1T.3 .

(-ye) +ve.) (+vO)

9 S 4 IT 113 1.3' N. 3.* IT.3 11,

(-VO) (+vo)

10 S. * I NOC IT 3. II . 113 10

_____ -ye) + v 0)

(-ye) (±vo) (+vc)

12 3 * 3* 3S * I.T. 13.

(-vo) (+V0 (-ye) (-f-y) (+Vý)

IT.S. =NIot siznificmnt

S. = Si - nif icant (±Vc or -vc indicat-s the sign of
rersion

* = Sig3nif icant a t 5,. leovl

** = Si -nif icant c t l1% level

Tabloý IX (9) Significance of the Indopond-mt Varicables in

the MultipjL RcýGrczs~on '-.n,-lysis vritha 'Nunbcr of Lcayors on

tho U~ppr Trunk' as the Docndennt Va.ricblo
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Subject Tempo r~turc T'ind . 1titudc~ Activity Cloud. Drift

IT o~ ___ Covor

_____ (+vc) (+1vo) (+ve) (+vc)

2 Y.OS. S.** 7. " .3

I (-Vc,) (+Vcl) (+vc) (+vo)

3 1,,S **S ;Ž~ . ,** TO3

_______ (-VO) _ __ (-v-,) (+vo,)

4 S. S. N.S. C0** sO**

______ (-ye) (+vce) (+i-y) (-ye)

5 11T* 3. N. T3. IT. S. F. S.

I -v-c) (+ve) ________

6T i S, N.. N. 3 C! 77. 5 I\T. 13

7 17.S. 17.T.. F. ý3 Y7.S. N70. IT.

8 5* ~ * 5.** N7.S, . -N. S. S *~

(-v-c) (+Vci) (+V.,) (±vc)

9 . IT. :J.* IT. S. 11.S.

(-v-c) -V-) (+iv-c)

10 IT.3 7) 1 * C,. * * .** S,*

*(+V-c) (-v-c) (-ye) (-i-y)

1Y.5. SD ITot 3ignifio&-nt

S. Sinifig~nt(+v-c or -v-c i diocctes the sigýn of

* Significant a.t 5% cv.-;

** =Signifient at 1%, 1VC-c1

Tablc IX (10) E5ignifiecýnco of-the Indeopndcent Vcricblos in the

11ultiplo Rcercrssign Anc4lyis with T'Numbcr of Lcyors on tho-,

La vcr Trunkt as t,.-_Dependont 7hriablc
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Sub j c t TC>2pcr,- turc -id 21 t,ý 4tvi t C loud- Drif t

No. c Cover

1 Y.0B J1 i C FF. N0 00I S

2 TIT lo j o

-______ j (vv;)(±VC) (±VCe)

1~~1 TT ~ ~ ~ NB TS

N0. IS. TY. S. N 0 ..

5 N.B. I4 -TB S. IT ITB. N.B N. S.

6 IN.B *o ,~~o* N5

(-ye) ___,__. (+vc;) +___ , __,_

(-ye

8Y .~O ISB . * N. IT0 ION. S.

(--vc) I_ _ (+Vo) ____

9 Y0B .TB I.1 S.0 ( Io, , 0  N5

11 B~ ~ IT. S. TIT. S*N B . NY .

S'B. = lIe i 3ifot

S. =Si,11lifiotnt (+vc. or -v- ind~icaoc thu sigýn of
rcerc-,sio n)

= Siznifio,ý.nt ct 5c/, leve:l

** = Signifiorrit ýt 1lp" leve;l

T~.blc IX (11) 1110o of the Trnepcndon-t -V-ria-ýblos in

the ilultiplc Rý.'in al~ysis 'eith 'Nurnber of Layors on'

th, Hans as Vic D(. pendcKnt V -ria bic
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u I~ cc i urc.Tý7ind Al ti tudc Activity Cloud Drif
Yo. cover 1

I (+±vc)

2 3. IT*

(-vQ ~TS +v.--) (-vc>.)

(-ye) +-c ____ (±c)(vo)

(-vo)c (+vo) (+)

(-ye) (-e+_____ ___

____vc ______ (--y) ± o) NA

______ -VC) _______ ______ (+ve) (+ )

10 F~.CL I

(-ye -~ ____(+ve)

12 e~* T.~ IT~ . J* N 1*

______ (-e) ___ __ v (-vO)

IT .3. = Not signi-ficant

3. = S',i.,jnificcant (+vc or -ye dicc~tes the sijn of

r c. 1c~ soion

* 3iCn if ioc, n t a u5 'le-vel

*7 =Signifioe-ntat 1ýý leve~l

Table IX (12) SiT~nific&,.cc of thec Indcpcnde.nt Tric-blos in

tl,.; 1hultiiple Rce0'rcssl3on -~iec'ih~ubrof L,-ZEycro on

thJ Pestl E t'-,e Dopendent Yen. bIlc
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7hen the number of layers on the hands was taken a-,

the dependent variable, only eia•ht out of the twelve

equations were sigxnificant. Yfhen the number of layers on

the feet was taken as the dependent variable, all twelve

equations were significant 9 end in this case, drift was

significant in five out of the twelve equations, which is

a higher proportion then in any of the other cases.

(Tebleýs IX (11) and 1,-, (12))

(3) COIIPARISOIT OF CLOTHTIN'G 'OR T BAS- ,1TH THAT ORF DURING

THE CROSPITG

icuro IX (1) shows the average monthly 'total number

of layers' worn at Shacklcton Base and on the crossing>.

For the whole three months of the crossing, the averag•e

monthly 'total number of layers' was ,reater than that

at base for months with similar temperatures and wind

chill.

The number of layers of clothin: worn at Shackleton

increased vith time, and was hi>her for example in

November th, n in January, even when the outside weather

conditions were similar. The same increase in the number

of l~yers of clothing, worn with time was evident on the

crossin'.

The regression equation of averege weekly 'tot,.l number

of layers' against temperature for the croosin_ is,-

y = 14°5 - 0.22t

The regression equation of averag,-e weekly 'total

number of layers' for the prioed at Shackleton Base is•-

y = 13.7 - O.14t

(y = average weekly 'total number of layers', t = temp-

erature °C.)

This shows that on the crossing the clothing worn by

the men was more dependent on temperataure than it was at

base, and thEt they wore iore clothingý on the crossino- than

they did at base under similar temperature conditions.
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AVERAGE MONTHLY TEMPERATURE, BODY WEIGHT AND

MEAN FAT THICKNESS FOR 10 MEN ON THE TRANS-

ANTARCTIC EXPEDITION.
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(4) Tý7IGHT IKYD FLT T'1ICCIPESS

T,7ble IV Lives thoaerg ve-lue of the moan fc t

thickness end. the avcvr-ge value of the weight for the

period IYovcraboýr 1956 until Feýbruary 1558, for eaých of the

sixtu en -. ein on the exped~ition. The avorl-c wieig3ht for all

the sixteen men was 79.8 76gnS~ 7.8) and. the cevora6;c

mean fat thickness for &ll sixtoen cion iwas 13.1. (S.D. 1 4;.0)

7len coapqari ng body weight with skinfold. thickness,

L evis,9 11Mastorton rnd Iosonb,-un (1,o6)) adjusted. the wveight

of the~ir ieon to ,sta-ndzrd. heig~ht of 177 cm, end to a

standard. age- of 33 years. In the pres~nt study, teakingý da-ta

from~- Tcble IV (2) the correlation betwee~n weight and age

is not significa~nt, clth-ough the correcltion between weight

and height is significant a~t the 5% levE~l. ntissuy

wei~ght was adjusted. to a str~ndr.rd height of 177 cm by a

correction of 0.68 Kg/on~ 7nd no adfjustme-int wasý made for egc-

(Rosenbaum-. 1951) This Fdjustmeint was made to correct for

bicas duo to heig--ht vvhcn compcaring; the wceiht wvith the, moan

fat thickness of the t-wlvo men.

Fig-,ure IX (8) shows t11- monthly average corrected.

weight, a~nd. the- monthly average -min faýt thickness of the

te~n men -for the period November 1956 until December 1957.

It also shows the tcrmpercturc for this period. nd. the temp-

erature scalc ha-s been inverted, for com-pa~rison purposes.

The intervrls of wigopht nd .mean frt thickness for each ment',

are the 95'/, confideonce, inte3rvarls. The, výýlues for Dceomber

1956 aýnd. January, Septemiber and. October 1957 :.ro missing

becraure of insufficient data..

Sea.sonal Fluctuations in 7eiht nd. Pat Thickness

The avera7ýge mea.n fa--t thicknesD initi-lly decreased .and.

then increased. in the colder months from, July to '-Ugust-

in N~ovomber ond. December, the average mea~n fan-t thickness

decre~sed. agacin from the- August vaýlue. The correla-tion

between average i.ecn fat thickness nd tempeprature was not

sig-nificant.
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Tho wvr o wight : ppo..rs to v,-ry wit" temoper, ture

end. theo corrola-tion bctwýoen w-.h nd tcmpcrý-turc is

significant at thec 1% level.

The- -.ver. o vwoight of th 0- ton noin wias 3.4r Kg loss in

Doccinber 1957 thnin Deccon-ber 1956. The -.vor;C go neon faýt

thickness door-Ea.sod by 6.2e----n during the s onelc period. There

was no restrictio-n c),- food intckc *:.t base -.nd the; usual

caloric inte-k. was h)ýtwo eýn 49L000 ýc- niý 4,',500 Kola day.

RelAtionship Botwcon Tcic-,'ht nd 7 -t TI' ckness

Considerin, thc inCivicdual. rosor,' for Lao>h subject

for coo>,c neat>-, theý corrole'tion betv.'Ic o corrcctsd weight

and aenfa-t th-icknoss wias sinýIific 7nt -t thec 1c" level for

eight out of the_ te.n n-on. The tw~o non w-hose wveighIt woos not

correlated wvith the'-ir ciecan fa't thicaness werej-( the ones with

the loýris st -surfaý.c nora.s. (subjocts 1 -ncl 8) F,-t t~hickncss

is dIifficult to nocasure wj'ithl ab'soluteý reliab11ility,

oxp ocizolly on the outer side. of th:hih .nd experimenta-l

err-or nacy account for the lst twio subjects showring 1lack

of correlation, since it wvould beunreasonab_',le not to

e x1pect weight to increaise withL fa.t thickncess.

Coneid -rin., each- :;-7nt! indlividually, the corrlatio

bctwe,_n weight (correcteýd for heigiht) a'nd n-_ean fa-t thickness,

wLoe sig-nifice at ct the 1 level for aýll of thi .-e non There

was also a significa~nt bdorrolýation a.t theo L,,: level between

weighot -nd fit thickness ne.-o-sured at cites 2, 3 a-nd 5 in

each neaoth. Thecre was no signifi ca.nt correlation -between

weigýht aýn '_L ft thicknessj ac asurcd at site; z:, (outer legý, one

thid wy initih sugne--stiag,_ that this is3 not a site

at which fe t is laid down d1urnn sn lloha'nneS-s in wecirýht.

The close correl~ation betweeon fa--t thickness -t othe~r sites

with- we'-ight, suggeGsts the- t the increaseý in w,,eig3ht was not

due to increased riuscleý na-iss b3ut probo-bly aIrnost entirely

due to de_'positi on of fi-t m d further, was pro!bably o-f

social. crizin.
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The- close positive corre1ction bectween bod"y weigh,1t ~nd.

skinfolc2. thiickneasis in agreement with the results of Lewis

ot 0l (1560) an j Dvies (1069). Hcssoyý (1956) worked with

men in J.:nt,-rctic-- ovcr -periodt of t -o, ye 7-rs. HeI found

tha~t lurin., the first je -,r the ý-snsow ,,r~ r pui: shrinkageL

of f-.t thic ,ýncs but th, t aurin,- t'he second1 yccr there

waýs ca clos r 1 t-Aonsi1.s> *jetv~r i,,ciý;t na f -t thickness,

Lewis et :1 (1060) f-un,'z t .- t thc. tiwo sites of least

value in wroitiro the ý-utc r i ri.' btwoon

deltoid insorti~n en? Mlow (site 1) end the outer leC, one

third- ,wmy down thnic-;h. (site3 4")

In our stud-'y, site j is not - 7oo- ) redictor of weiLght

in o--ny oýf thc months, but situ. 1 is corral: ted with weight

in six out Af ten .f the m-onths ancalysed.

.ýnalysis of VAiolt Record2s for CrLossingý

ThL fo;llew.in,-c :t wore the: wois'ýht3 for four men

for the Deriod of the oroosinE. The rea-dings for November

wore tOkon vt 3hackbeton ~nd the readins for Decembecr wore

tLake-n at S. uth Ice * The rea-din,-_s for Ja.nua-ry were take~n

Et the-, 3cuth Polec 2-nd the c ain for Lroaretokekn - t

Scott Bco a.

.,eights in Kilogýreus

Subject S'ubject Subject subject

1c 8 12 9

!Tovemb!-.Or 1957 T7~.2 8"".9 77.1 80,

D cembr 19"5 7 74.-5 86.8 78.2 80.2

Jo-nua'ry 1958 75.0 81.0 75.5 77.3
Mar 1958 - 73.6 7. 63 7~

Subject 10 is til only men wrhose, weiL-ht inc reased from

1 cnlr to January, imd thisý waýs not aý Ei',nif~iccnt increase.

The o of the other th-ree ie--n d'crea~sed from Bcoo ember

to Jcnu--ry.
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~u- jo t 10 !~1t crýýf >d fromý Je-nu-ry t- ura

~ ~h~ htsof ubjct , 9 :n' 12 increase' forth

sai-ý prioft. However, th tof oil the non decreased

from- 7,"1)ovm'3r to) 1Ta'ro. It ii u7Dtful wrhethe-r .- uc3h

crmi,> o1.s sh-ioulb 73o plc~cc-1 on t>csc realmin- sinc51110 the

~sue~'entwc~e r11 maeon dif1-fforumt woi,'hin.: sca~les

under, difficult c,.nd~iti--ns.

(5) OTC-, DTA.

The averageý numeber of hours of sleep wnore calculated

for each r.e.n for the time sjent Iat base. (Shackleton or

S ou th- I ce C- ase routi ne followed a fa-irly rigid pattern

at Shackleton the ye.-r round, owving, t' the considerc.ble

noise roade by the diesel geIner:Ators which r n from brocekftst

tine to lig:hts out. iYeisy w~ork was impossibleJ in- the

compaLr-ative silence a~fter 11 pP. nd the sloop or ýttorn

a.vera,-ed 7.4 hours.

There w,-as no such ridpa-ttern imposed at South Ice

by mach-ine noise, end the nion w~orked rnd slee)t a-s necessa.ry0

Theý sloop pc ttern b-oý,, ii rerular and broken a-nd will be

dcealt wiith s--ux rtcly.

Th 7 [ll Crossinr Pý rty from-1 Shaýckle ton to South Ice,

(overab;-r 2ZIth to Doe l-bc-r 2r the Post difficult part of

the journe-y, haEd ,,n cvr C, a of 6.8, hours sle-op Gcc-cl: twenty

four hour p -rica. Troi South Icce to the- South Pole the twvo

do,- drivcers av egd7.3 hours a, ni.-h-t ý;hileý the vehicle

party av ee .3 ho-urs, (Doecembcr 25th- to Jonuary 19th)

The houlr lo, is due to tho vchiclo sitina-noce -

dog;s do a g-oonl do. 1 of th'emr ow0n naintr inance!

IFroE thy, South Pole to Dop'ot 700 the wvhole party m-,oved

toge,;theýr in vehiclesoevc7 cl 'siei, torritory, the dog3s ln-ving;

boon Iflown out, .nd slcz o vzrEi A 6.0 hours a nighýIt, the

reduction om-eho~sisn; t1.'' 1,na-, hI ors of driving; nocessary

to cove--r t1- d*is-t'-. -c~. It was late in the- season e-nd it was

ces.eentiL-1 to nfki) 11l speed' to Scott Paso,. The; lasýt portion
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of the lourn- from iDept 700 C-nto ?eeott Base a<cin

ciphC.2isnd this pottcrn, -lc drop ifnl, tc 5.1 hours

nat lt. The mun a n arrival were nevorthele:ss in good hat

(n:d soirito, and a lthmn shoebrt by an average, of :. hour a

nig'ht for aov*r thrceo oaths, only slep~t cc few,ý extra, hours

on Frrinw 1 at Scott PWOO.

In goner: 1, ti;> Pon whe had tM most sleep) at ba-so ha.!:d

tho nest on tho. ocrs~in, (subjects 5, 12, and S) Ead those

w-ho had th least anount at base lead the least ý-nount on

the eressin,. (subLj~Ct? 6 end 11) (Tetlo IX (12))
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UoKjoct I vorojc FTumbor of Hours A•eAragce Ilumbor of Hours

ITo. of oleep for Period of Sloop for Period

at Baso of Crossing

1 705 6.3

2 7.3 6.2

3 7.2 6.o

4 7.5 6.2

5 8.2 7.1

6 7.0 5.9

7 6.8 6.4

8 7.2 6.4

9 7.6 7,2

10 7.5 6.,

11 6.7 6.0

12 7.7 7.0

Tablo IX (13 1.vAvorti, Tatal luambcr of Hours of Sloop

for Tvivo' Tiom
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X. D I ý C U SSI O 3 0F RESULT'-)

(i) LVIDgIC" OF A ;LTI.IITIZATIOi T

The survey of literature in Section III has already

drwEl:n attention to the difficulty of deciding what can be

token as evidence significant of acclimatization to cold.

The results presented here enable one to see whether or not

less clothing was worn as time passed in closely similar

climatic conditicns, fnd the main assumption .n this

analysis is that if general body acclimatization occurs,

then the individual will need less insulation to deal with

the same cold stress.

The results show quite clearly that in this particular

survey of this particular expedition, there is no evidenco

of less clothing' being, worn to meet the same cod stress

as time passed, a nd. this is true for both the period at

base End during- the crossing of the A~ntarctic Continent.

In fact, the total amount of clothing worn increased when

the temperature fell, -nd the corresponding removal of

clothings" that might be expected to occur when the temp-

erature rose by a similar amount was consistently less than

eoxppected.

In fact, with the passage of time, the amount of

clothing worn during the crossing increased slowly and

steadily. This increase in the 'total number of layers'

was mainly due to the increase in the number of layers worn

on the upper trunk.

Theic is no doubt that the men experienced a considerable

cold stress, especially during the crossing. (see Section

IV) There was free access to their own spare clothing,"

and new cleen clothin. was availoble if needed to replace

any soiled in a mishap while oiling or greasing a vehicle.

There wEs no social or other barrier to wearing any partic-

ular combination or quantity of clothing. The increase

in clothing was therefore not due to soiled clothing
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bccomin:7 a less effective insulation layer, but the result

of a voluntary decision to vwcar ore.

This was ctlse true of the period spent at base, ailthouch

here the cold stress was less owin':' to the ;Greater amount

of time spent indoors, and the LcOu 1 ,g 0 er:..,unt )of olotznT

S•Trn , less.

There was no similar increase with time in the clothing;

worn on the hands during the crossingo This is very likely

to be due to the already well authenticated local aclimat-

ization to cold that can ta'k place in the hands. However,

it nay be significant h •-ere that the amount of clothing that

cL.n be vworn on thle hands is in fact ultimetely limited by

the resultin,-- clumsiness.

These results are not in agroement with those of

Goldsmith (10C( Paimai (10,62) and Lu-,gg{(1965). T Lis may

well `o because the conditions were much mere severe than

those considered by Palmai end by Lugs,• but the conditions

experienced by the L`,dvonce Party and analysed by Goldsmith

were at least as severe as those during tme crossing.

Goldsmith only reported his fig-ures as significant for

hands, howcever, and the disparity is (probe-.bly) less than

it appears.

This absence ofP evidence of acclimatization from

clothing; records may Le lin'ked 1vith the likelihood already

discuss-ed that this group of men --.as already highly self

selected, i~e. in choosing; these conditions. In other words,

the expedition members formed E•nythingn hut a rendom

population sample.

Several inadequacies must bc torn in mind when

considerin:' these results. emery new arrival quickly

learns to adjust his clothing to suit changing conditions

durine, the day. Doth at base .nd on the crossing each man

dressed for the ,! day cfr: risin., jud ing what would be

needed for the day from a ouick 'lance outside, past

experience, End a sharp memory[ of whether he was comfortable
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the 1Drevi0e us ma~y or not, It is fhr too difficult to chian,,o

colthin,-, durin,- thec dany (brr-inQ- enceptional circumstaýnces)

and sweatin:.s must be avoided very carefully or the -moisture

will condense , d froo7se, in t-he outer layers of clothiny,

thus lov.'erinl_ ito, ins~ulation velue _reýt ly - eve-n dan;'er-

ously. hl okn hard the1,- anorokl hood is lowered, the

draw strin:;-)s loosened ;7nd,, movem,-nt then causes a flow of

air throu.:h.1 the ancrýk, . ... n not erisn 9 heat is

conserved 1by tuckine-- theý anorak into -the-_ -!ihj~proof trouser

waaist ban-d, end doi u> the hood round the face. The tests

at farboeu.sho'-'.c,, t1-t this simýle mnanouvre decreased

the col vfluc- of t'i( unie,-r trunk clothin.< by about hal-f a

col unit - aconsiderable rn s-unt -quite apart frorm the all

imz-porta:nt ventin- of rmisture lade.n a-ir and the heat loss

due to eveecýoration. 1-17o record i:as 'hoot of these simple and

all important ima,-nouvres, but va rious com-binati-ens of these

conditions can . e seen in the num-erous phlotopraphs. taken

durins t~he- ea-pedition. It wiould not be. feasible to keep

a, continuous record of these p~oints, but they are obviously

of im~portance. 2.n autom-atic voln Lilation reýcorder would be

he lpf ul. However, all this is to .-vo)id sweat iwcttin~l- the

elclthin,-. Once the exercise is oýver, heat must a,_,ain be

cenc-r-vea and -this is the elothin,- reocord w,,e are really

coý,ncecrne d with i~.the t whiich is necessary for the mlan

in norm-'al activity, a-nd under those conditions thei hood is

coommoi,'nly ui-- ri, th e Enora~k tucked in or the waist drawr

strnin,:: ti, I

Perhaoo-) th, ir-ost inte-restin,;_ p.oint is the t the. new

arriva~ls at 1W c eten Bas-e in JLanuary 1957 chose to wear

theý sanei am,.-ount of olr-thinoý as th.-t bcin-- -woTrn by the

me(-mbers of the; Pduo .rty th--ey -vlic je ininl,". ITO--one

knew.7 this at the timo n" ad the facts only appeare-d when

theý data cards werLr ~n- -ed aft-ter the expedition was, ;ver.

If the new arrivEl %K r(, un-necc1110 ti td, the~y ni-piht be

e;-,rpected to wear neoclothiin,;,. If the icmembers of the

.Ldvoýnce -arty had ach.-ieved aýcelimatisatien after the~ir

ext-omely harsh- itr they mýi-Iht beý e-,cpected to wear less
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thcen the new arrivals off the ship. The two yroups in fact

wv ro practically i._7wntical.

A possibility is that t he newcomers were already

acclimatized before reochin2 31'*%ckleton. They had entered

the pack tico fouar weekcs 'bafoirq, and reached Halley Bay two

and a half weeks before the date of commencement of the

detailed analysis considered here. They had then spent a

wecec nd a half at Halley Bay unloadink stores cnd then

proceeded to Shackleton Base. The full detailed analysis

starts on January 20th 1957,(a week later) and the data

cards of the Advwnce Party are considered in Goldsmith's

analysis up to that date e:nd in this analysis from that

date onwards. The newcomers had been based on board ship

all this time until moving asxhore at Shackleton and it does

not seem really likely that any serious degree of cold stress

would be ex-perienced until 1ivin-,' ashore. 'll the meals

wore taken on board, men slept on board, Fnd worked ashore -

mostly driving vehicles unloading the ship during, the warmest

period of the Antarctic summer. The temperature averag-ed

-6°C at 3hackleton during this week. It is also possible

that the members of the Advance Party had lost acclimatiz-

ation to cold that they had acquired, owing; to the rise in

temperature after the winter. The fact remains that they

both employed the same clothin-; insulation to deal with the

same clima+i- conditions and there was therefore no

difference between them in their ctote of acclimatization.

The difference in the clothin' w-vorn by one individual

as di-tinct from another under any set of circumstances,

could not be closely correlated with a-e, weight or f t

thicknoss, or indeed any parameter tested, despite there

beiny statistically significant differences between indiv-

iduals. This was analysed closely only for the crossing;

data.
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(2) -I1TD CHILL "ND T7N,1PEE, TURF

The concept. of wind chill devised by Siple (from

experiments on the cooling of nakled containers of water)

-has been widely discussed and criticised, .(3Burtonr & 1dholm

.1955) but continues to be extensively used. In this survey

the correlation between .clothinv ,orn and.,ind chill was

much inferior to the correlation between clothing end temp-

eiaLure,. and this w-as true for all the data, both at 1. -e

and during the crossing'. In other words,, the clothing -worn.

depended.. mainly -on t-emperature, and this indicates that too

much -weighting is Liven to wind in SipleIs wind chill device,

for men wearing windpro.of clothin-. The shelter given by

buildings or by vehicles may also reduce the importance of

wTind, en.rimouasly, and the t-emper ture factor then would

become the more importont. Lt base, men dressed for the

outside conditions, cnd there was no pr:.tection outdoors,

but the correlation of cloting, with, temperature was still

better than w-./ith wý,:ind chill. On the crossing the vehicle

cabs, a lthoug"h,, cold, :_ve considerable p~rotection from wind,

althou.-h they had to be driven at times with windows or doors

open. (Fuchs &. Hillary 1958 a) Cab temciperaturs were as

lowv as ambient temperntures on..starting, but the temperature

at head level rose above frcez inu point after an hour or so.

The floor temperature was always well below freezing point.-

and was-delilerltely kept low, to avoid any possibility of

melted snow," wetting the foot gear. Stops were frequent for

various reasons, and cab temperatures dro-pped the instant

a door was open, 1. -hen camping, the tent temperature rose

a.':ove freezino; point at sitting-_, head. level, while cooking,

but commonly dropped to -100C -,-hen the primus was out.

Both cabs and tents f d g'ive protection from i-ind. The fact

remains that the large amount-of data analys-ed here indica-tes

clearly a closer correlation between clothinE worn and temp-

erature thran vdth clothinrg wcrn and wind chill., in a group

of men experi.encing very considerable cold stress over a

long period of time
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(3) ;i-mLTPLE RVC-R7SSION .Y ITLLYSES

The r-ulti1 1l c i analyse.c 1 show; clearly that

tempcrl tore- v-ca the L ros porteant fcotor influencin, both

the ltote 1no1 of bayecrs of olothin, and thec numiber of

layers on various sections of the body. This is at varianco
wih razier, (l9, 5)7 uts ( 1949l) an(LLu>ý- ( 1965) h

found tha-.t not much extra olothin..j was neede-d by the non

at Little- Zlr.oorioa III, Gra-hanland ~nd Davis Baso. when the

viýthcr beoecle.Goldsmith (190) a anl(92

both found tLh,-t there weesea7sonal1 vorie dions in clothingý

worn proporticnol to cold stress w.,hich is in accordance with

the results- presentedl here. Clloud cover was also sti;nificant

in the- tmultiple)r reg-rcssion ne 1 csfor mo-st of the nen,

especially Pc r the upper trunk clothinrp-; and this is believed

to beu duoý to the, relation between cloud cover e-nd incoroinp-

ra.diation, -7hich is alreody known to be of direct importance.

In thec multiple eroce analyses ei-f the footeors

possibly affecting- th-e nu~mbeýr of la-,yers on the feet, temp,.-
erature ac n eraerýed' as the most iemoortL-nt fcctor., but

drift also aperdas a factor stronglJy influencing-, foot

wea()r, as miirh,'t beho --- )ected. Plasscy ( 1959) found the t drift

increasecd theý numbl]ing: of fnesby 'between tvo end six

time's.

, .titude as'j a fotetr influencing clothing- a-,Ippeared to

be of lwimporte-nco, the re,-o s ion coefficient lbeingL

positive in socne, caseýs and- neg, tivk in other2.

(7 2.CT17ITY ANýD CLOTHING

The a.pparent absence of e close relationship between

t he d o L'-r: e of Fac ti % it y a.d t he, clo t h ing wo vcrn i s p uzzlng

a)t firs t si.,-ht 9 
1 t9 her agin, thea 11 importe at adjust-

ment ofth cno rrok ho od 1-nd t~he, w-ais t l ine, wa s not rec orded

and this v,7old exI~plain th< observed facts.
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.7e suggest that the men dressed according to the temp-

erature cnd made frequent adjustments to the anora~k to suit

the wind :.nd give sufficient ventiletion to provide the

necessary hcat exchanj. It is"',A matter of common abjervation

that when ananorak is pulled out loosely at the waist, End

the hood is down, then raising the arms up and down causes

a pumping action readily providing ventilation of the upper

trunk. This would adequately account for the absence of

a close relationship hetween degrees of activity and

clothing worn.

(5)LO W VLUES

The measurements of clo values showed that there is

a simple direct relationship between the number of layers

of clothing worn, and the dlo value of the clothing assembly.

If an absolute measurement of heat insulation is requireO

then the tedious and difficult measurement of clo vylue

must still be made at one of the few labora,.tories in the

world that have the eleborote fEcilities necessary. For

all ordinary purposes of relative comparison of good clothing

used in cold climates , those investigations show clearly

that a simple number of layers co .nt is fully adequate.

very simple weighting, of the count, giving the outer wind-

proof layer (both trousers and anorak each) a velus, of to,"o9

and the long underpants a value of tco if worn, gives the

best correlation of all. The fact that these garments

appear as the most importont, indicates first of cll the

enormous importence of wind and xindproofing, tnd secondly

the difference between long; underpants cnd vests. No

weighting of the upper trunk underwear improved the

correlations,indicating a real difference between vests

and long underpants in their vElue as heat insulation.

This is thought to be due to the long underpants being thick

garments that clun; tig'htly to the legs while the vests were

loose Pnd of different texture. It would be well worth

experimenting with a vest of the same raterial end cut as

that used for lhng underpants, for use in conditions of

extreme cold stress.
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The clo value of assembly '2' tested at Farnborough

is of special interest es this was worn by subject number

10 during a forced landfing from a small aircraft (Fuchs

& Hillary 1958 b) The two occupants of the aircraft survived

for eleven days on the ice shelf without a tent era shovel,

in temperatures betweon -50 C and -60°C on eomergoncy rations

of about 450' Koalories a day by digging - hole in the snow

and using just over one pint of paraffin in that tino for

cooking purposes. (the usual allowance of paraffin for

winter slediging for two men is 11- pints a day) 1:Teither was

frost bitten, but sleep was in very short periods between

bouts of violent shivering. The ice hole gave protection

from the wind, but the subjects were not adequately insulated

by the 3.1 clo units worn. Both lost weight end had. marked

ketosis as measured by .'Icetest ta.blets d(uring the eleven

days of exposure. Subject 10 drank 4j pints of fluid during

the hour following arrivEl at Halley Bay and when weighed

(nude) was then found to have lost 7lbs weight in the ele,-en

days. This loss was presumably of fat, hence the ketosis.

There were differences between the clo value of asserblies

measured at the Institute of Aviation Medicine at Farnborou,-

and at the -- right-Patterson f'ir Force Base in U.S.ýo of up

to half a olo unit, the U.S.... figures being higher.

The differences are likely to be due to the difficulties

experienced in putting the clothing on the Farnborou6h

mannikin, Lnd, despite unpicking -nd re-stiching seams,

there was probably a tighter fit on the Farnborough mannikin

with a lower clo vwlue as v result.

(6) 1-TIGHT ;r7D FIT THICKNESS

The seasonal fluctuEtion in weig~ht recorded here is

similar to that reported by 7, Tilson (1960) and by Lewis,

Masterton and Rosenbaum (1960), and probEbly indicates no

more thLn a plentiful supply of food and a lower energj

expenditure in the winter than in the summer. Davies (1969)

found thet the weight end fat thickness of the 1960-61 party

stationed. at Horseshoe Island and Stonington Island



3larguerite Bay, were not increased by exposure to low

temperatures. The weight cnd skinfold thickness records

of the Advance Party of the Trans-Antarctir Expedition tiso

did not show seasonal changes. (Goldsmith 1959)

The loss of 3.4 Kg in the average weight of the ten

men for whom figures are availEble for December 1957 and

December 1958 is explained by the circumstances. The first

figures were taken aboard the liagga Dan where exercise was

limited. The second set were recorded (on dif'erent scales)

at South Ice immediately after the heavy energy expenditure

o• crevasse probing during the most difficult and strenous

•. on of the crossing.

(7) SLEEP

The number of hours slept dropped from 7.4 a night at

base to 6.8, then 6.3, th-n 6.0,then 5.1 hours during

successive stages of the journey. This illustrated the

pressure on the party to complete the journey in time to

esc pe from Antarctica before the coming winter made return

by ship to the outside world impossible. The overall lack

of sleep and tiredness resulted in the men being able to

sleep instantly and easily almost wherever there was an

opportunity. It is normal to seek warmth End comfort when

intending to sleep, and it is just possible that the steady

increase in clothing recorded during the crossing is related

not only to the low tempcratures (as it obviously was) but

to the increasing lack of sleep. To regression analysis has

been done on this aspect since the concept only emerged

-'hen the work was being discussed. The analysis will be

made later if possible.
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(0) Acclimat-ization in the hc~n:-'s

The hands are the one region of the body in wh~ich

accimciz~ion to cold Iirs "Lien clearly shown to occur by

workl~ers such as Mnckworth-I (i~jl,4tassey 19.9 LaI-ac §I

;Mn- TherouS 1960 and Nelms rndI co-.er (1962), and there! is no

doubt ha:it occurred in th e maii.ibers of the crossing pnrty.

A single eýxampie will su:Ffice. ?7rthe last few days of '~

crossing aý physiologist (,,olonel J.14. Adam of the ITC L.ondon)

Joined th;. crossing party nend tentead wi-th the expedition' s

physi*ologi St. The- crossi.nc pa-ry were finding thiewett

conditi2ons warmfer, having deýscendeLd from over 2,000 m.

Paltitudeý- and temperatures of aI-out --30 0 C, to the shelf ice

just abo7,,- sea level withtmprtue of about -20 C. On

break1ing capwhen the T[,'I rnremb,2yj had beeýn loading the sledýge,

as 'outside man' for about~ hal-f an hour without gloves, hewas

Jo.;ned by th" 'inside man' w~ h atbxs ept

wring gloves botn hands 'v toff a nd thec i n si.de me!ýn hnad t o

go lb:,-ck- h1-urriedly into Ct:-- tent to r,2warm his hands, alth-'oug-h

he hadý.J alreaýý,dy been sev.2rd weecks in the Antarctic.

'The-rea is no direct evidenace- ofI acclimrtization of the,?

hands in theýse records, but i- is wort% noting tlhat theý

increa-se in thez number of layý,x-s worn on the hands was iauclie

less ti-.-n the2 increanses re2corded,. over the reýst of the body.

It- was also noticý-d hesk~in became sligh.tly

r'nd thnat fine sensatea:in waýs a little dulled. Crack,,.s

coopcared in the skin betw-ýrn tedrrmarl ridgeýs on the finger

tips Pnd some of these beam ea nd very p,-iinful. Tphcy.-all

~'~dreni:'d ly when the tmeau rose, some hea2liLng-

bor: e recicing Scott Baýse-, nr-A -)Il within n few days of

a r r iv -,7:
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GLOSSARY7 OF SPECIAL TEPdiS

This is not a full glossary and only contains those terms of

special importance.

AVP•.AGE This always refers to the arithmetic mean.

BIT The amount of information required to distinguish between

1 and 0 in the binary notation used in computers.

"GOING OFFý' A term commonly used to describe the painful initial

stage of serious chilling of the hands. If neglected

clinical frostbite may supervene.

INSIDE IYN When camping the 'Inside Han' prepares the food and does
andOUTSd all the wofu. inside the tent. The 'Outside Man'OUTSIDE MA-1

similarly loolcs after sledges, vehicles or dogs and so on.

P Probability expressed as a number between 0 and 1. If the

probability is i• then it is a certainty. If the

probability is 0.5, there is a 1:2 chance of the event

occurring. If p ý 0.01, then the probability of the event

occurring is one in one hundred.

PROGPAIM Set of instructions for computer.

r Sample correlation coefficient. It is the measure of the

mutual relationship between two variables.

REGRESSION Estimation of one variable (the dependent variable) from
ANALYSIS one or more related variables, (the independent variable).

The linear regression equation is written in the fcllowing

form.
y a IaxI + a2x2 + a3x3 . ..... + -I

where y dependent variable and
xl, x 2  . . . . . . are independent variable-&

SIGNIFICANCE If for example an 0.05 level of significance is chosen in

accepting or re-jecting a test of hypothesis, then there

are about 5 chances in 100 that the hypothesis would be

rejected when it should be accepted.

THEPIMAL The thermal insulation of a body is the reciprocal of its
INSULATIOF thermal conductivity. Thermal conductivity is the heat

flow in calories per second flowing across a centimetre

cube with a temperature difference of 1 on opposite faces.
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